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Abstract 
 
The Government of Bangladesh is planning to implement Bus Rapid Transit 
(BRT) as a mass transit system to combat the megacity of Dhaka’s serious traffic 
congestion. The Government has commissioned the Strategic Transport Plan (STP), 
which has identified three BRT corridors for development (The Louis Berger Group 
& Bangladesh Consultants Ltd, 2004). A project of this type and scale will only be 
successful if it is accepted by all stakeholders, particularly the commuting 
population. It is important to investigate and understand travel behaviour in Dhaka 
prior to the planning and implementation of BRT. According to Levinson et al 
(2003), the most important principles of BRT implementation are translating BRT 
plans into the operating system and identifying the urban area’s own specific needs, 
opportunities and constraints. This research addresses these principles, using Dhaka 
as the case study city. This research will also help other developing countries’ 
megacities with similar characteristics, in their BRT planning, implementation and 
operation. 
  This research took a novel approach by combining a mixed qualitative and 
quantitative methodology to understand potential uptake of BRT by commuters in 
Dhaka for their work trip. BRT systems in model cities of Curitiba, Bogota, Santiago, 
Jakarta, Beijing, Ottawa and Brisbane were reviewed. Their success factors, for BRT 
planning and implementation, were grouped into four broad interrelated categories: 
institutional factors, planning and design factors, social factors, and infrastructural 
factors. This review provided a strong foundation to investigate the challenges that 
may be faced when planning and implementing a system in Dhaka.  
For the quantitative analysis, Revealed Preference (RP) and Preferred Mode 
Selection (PMS) surveys were conducted. Due to the substantial differences between 
social classes in Dhaka when compared to Western cities, it was necessary to adopt 
an innovative approach to survey design and implementation in order to reach and 
accurately survey the most representative sample.  
Exploratory analysis of the RP survey data showed that cost is the dominant 
factor in mode choice for the work trip in Dhaka. Investigation also revealed that 
female and male commuters’ travel patterns are significantly different, and that each 
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varies significantly between income brackets. Dhaka’s female workers are the most 
unprivileged group of commuters; this is compounded by a social structure that 
restricts their travel choices compared to males within the same income bracket.  
Quantitative analysis was conducted by developing mode choice models for 
Dhaka with RP and PMS data. The RP model was calibrated for present travel, and 
revealed that age, income, gender, education, travel cost, travel time in motion and 
waiting time are the significant factors impacting mode choice decisions for the work 
trip in Dhaka.  
The PMS model provided a platform to forecast travel behaviours under the 
proposed major transport initiative of a BRT system, including the ability to forecast 
differences in travel behaviour between male and female commuters. PMS model 
results showed that the higher service quality of BRT compared to an existing On-
Street Bus (OSB) would work in favour of a well organised BRT system. 
One of the significant contributions of this research was to identify travel 
differences between developed and developing countries’ megacities by comparing 
elasticities using the present travel model calibrated with RP data. Comparison 
revealed that in developed countries’ megacities, commuters are more sensitive to 
travel factors, such as travel time, travel cost and waiting time, than those in Dhaka.  
A significant contribution was to compare travel behaviour between the 
developed countries’ megacities having BRT, and the behaviour for Dhaka forecasted 
using the PMS model. This comparison found that Dhaka commuters would be less 
sensitive to BRT travel time in motion than their developed countries’ counterparts. 
Similar to those in developed countries’ megacities, commuters in Dhaka are less 
sensitive to BRT travel cost.   
Dhaka’s specific transport environment was analysed qualitatively in view of 
the lessons learned from model cities’ BRT systems. Dhaka’s poor institutional 
arrangements and inadequate infrastructural resources may be quite a challenge to 
implementing BRT. Analysis also established that social and infrastructural success 
factors rely on the presence of institutional factors. Above all, this research made a 
substantial contribution by identifying the importance of stability in governance for 
the success of any major mass transit project in a developing country’s megacity. 
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Chapter 1: Introduction 
 
Chapter 1 introduces this study, which is about “Acceptability of Bus Rapid 
Transit (BRT) to commuters in Dhaka”. The chapter begins with a brief description 
of the background of the study and the rationale behind the research, followed by a 
conceptual framework of the research. Then, the research plan is described by 
providing research aim, hypothesis, research objectives, research question, 
methodology, research process and thesis structure.  
1.1 CONTEXT OF RESEARCH  
This research investigates the uptake of BRT to commuters in a developing 
country’s mega city, using Dhaka as a case study. It is necessary to understand why 
this research is important and why Dhaka has been considered as the focus for the 
case study. This section presents a background of Dhaka, its plans for BRT, and the 
rationale for this research. 
1.1.1 Background of Dhaka City 
 
Dhaka, the capital city of Bangladesh, is growing at the second highest rate of 
the world’s 20 most populated megacities (Katz and Rahman, 2010). Figure 1.1 
illustrates the growth in population of Dhaka from 1950 to 2010. It shows that the 
overall population is growing in Bangladesh and the urban population is also 
growing. Dhaka’s population is also growing steadily with an increasing total 
population of Bangladesh. Almost half of the total urban population lives in Dhaka 
(Figure 1.1). According to Hoque et al. (2005) and Niger (2011), Dhaka has only 1% 
of the total land area. As Figure 1.1 shows, in 2010 this 1% of land area 
accommodated 37% percent of the total urban population and 12% of the total 
population of Bangladesh (Bangladesh Bureau of Statistics, 2001).  
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Source: Bangladesh Bureau of Statistics (2010) & UN (2001), calculated 
Figure 1.1 Comparison of Dhaka’s Population with Total Population of 
Bangladesh and Total Urban Population in Bangladesh 
Dhaka has an area of 360 km2 (Hossain, 2004). Its population density is 
16,666/km2 (BBS, 2010). Dhaka has sufficient employment opportunities compared 
to other cities in Bangladesh. It has large concentrations of administrative, industrial, 
educational and cultural activities. It is a prominent destination of rural migrants, but 
also it attracts hundreds and thousands of daily commuters and ‘circular’ migrants 
from neighbouring rural districts (Hossain, 2004). Dhaka has a population growth 
rate of 8% per annum (The Louis Berger Group and Bangladesh Consultant Ltd, 
2004). Population is growing, not only because of natural birth, but also because of 
migration from rural areas.  
Dense development, diversified income, reliance on non-polluting modes (such 
as walking), roads with poor driving surfaces, heavy traffic congestion, 
uncoordinated institutional structure and lack of legal capacity to enforce law and 
regulations are some of the characteristics of a developing country’s megacity 
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(Transportation Research Board, 1996). Dhaka does not differ in its characteristics. 
For the current study, BRT uptake by the commuters in a developing country’s 
megacity has been investigated, with Dhaka as the focus of the case study because it 
has most of the characteristics of a developing country’s megacity.  
1.1.2 Background of BRT in Dhaka 
 
As with other megacities, Dhaka is experiencing serious traffic congestion 
(Alam & Habib, 2003). Such congestion is one of the causes of environmental 
pollution. To reduce air pollution, the Government of Bangladesh with World Bank 
finance prepared a project entitled “Clean Air and Sustainable Environment” (CASE) 
(Dev Consultants Limited, 2009). The aim of that project was to identify sustainable 
initiatives for reducing air pollution in Dhaka. As part of the CASE project, The 
Strategic Transport Plan (STP) for Dhaka was developed in 2004 (The Louis Berger 
Group & Bangladesh Consultants Ltd, 2004). In 2009, a pre-feasibility study of BRT 
conducted by Dev Consultants Limited, identified a pilot BRT corridor (Dev 
Consultants Limited, 2009). The World Bank has recently completed the feasibility 
study of the pilot corridor (Sultana, 2013).   
1.1.3 BRT Plans for Dhaka  
 
The STP study recognised that Dhaka is the concentration of major socio-
economic activities and facilities as well as employment opportunities (The Louis 
Berger Group & Bangladesh Consultants Ltd, 2004). Therefore, natural growth and 
migration from rural areas are the reasons for population growth. The STP study 
forecasted that the population of Dhaka would increase to 36 million by 2024 (The 
Louis Berger Group & Bangladesh Consultants Ltd, 2004). The STP study proposed 
strategies to improve regional highways, construct elevated expressways, and 
implement Mass Rapid Transit (MRT). In all strategies, STP recommended improved 
public transport as an essential transport component to reduce traffic congestion. 
After an initial investigation, the study proposed three radial corridors for BRT and 
two radial corridors and one circular line for metro rail (Dev Consultants Limited, 
2009; The Louis Berger Group & Bangladesh Consultants Ltd, 2004). Figure 1.2 
illustrates the BRT and MRT lines proposed by the STP.  
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Line 1 (Red in Figure 1.2) is a BRT line planned to serve the eastern corridor 
and is based on Progati Sarani and DIT Road. It begins at Kuril and serves the 
International Airport then runs along Progati Sarani and DIT Road as far as Malibag. 
At this point the line will deviate onto the Outer Ring Road as far as Kamalapur 
Station and then south and east to terminate at Saidabad Bus Terminal. This line will 
run over a distance of 30 km.  
 
Line 2 (Blue in Figure 1.2) is a BRT line planned to serve the western 
corridor and is based on Mirpur Road and Zahir Rahan Sarani Road.  It begins at the 
Gabtali Bus Station and runs as far as Dhanmondi and terminates at Saidabad Bus 
Terminal over a distance of 16 km.   
 
Line 3 (Yellow in Figure 1.2) is a BRT line planned to serve the central 
corridor and is based on Airport Road and the Ramna Area.  It begins at the Gazipur 
area (under Gazipur City Council) and extends to the International Airport, running 
via the Cantonment Area to Mohakhali. At this point the line will divert from Airport 
Road and pass Mohakhali Bus Terminal following Shaheed Tazzudin Road as far as 
Ramna. The BRT line 3 will bifurcate into lines 1 and 3 at Kuril. BRT line 3 will run 
in one direction in an anti-clockwise loop based on College Road, Phoenix Road and 
Nazrul Islam Sarani. The loop may be extended into the old city area via Kazi 
Alauddin Road, Nawab Yusef Road, Islampur Road, Johnson Road, English Road 
and North South Road and terminate at Sadarghat. This will also provide a good 
interface between the transit system and the waterways system at Sadar Ghat.  This 
line will run over a distance of 45 km.  
1.1.4 Pre-feasibility Study of BRT 
 
The objective of the pre-feasibility study of BRT was through survey and 
analysis to identify a pilot BRT corridor for initial implementation. The study 
required the collection of data about existing demand and quality of transport along 
the chosen corridors, physical, social constraints and other local constraints for 
implementation of a BRT along the chosen corridors. Dev Consultants Limited has 
now completed the pre-feasibility study, and from the three corridors, Line 3 
(yellow) has been selected as the potential pilot BRT corridor for early 
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implementation (Dev Consultants Limited, 2009). This corridor runs from Gazipur to 
Sadarghat near the Buriganga River at the southern end of the CBD through Uttora, 
Airport, Mohakhali and Ramna. The total cost of this pilot BRT project is US$ 256 
million (A$ 275 million) (http://www.adb.org/projects/42169-013/financing). The 
project will be financed by the Asian Development Bank (ADB) ($US 160 Million or 
A$ 175 million), Agence Française de Development (AFD) ($US 45 million or A$ 
50 million), Global Environment Facility (US$ 4.60 million or A$ 5 million) and the 
Government of Bangladesh (US$ 45.40 million or A$ 50 million).  
 
 
 
 
 
 
 
 
 
 
              
 
               
 
 
 
 
 
 
 
 
    
                      Source: The Louis Berger Group & Bangladesh Consultants Ltd, 2004 
Figure 1.2 Proposed BRT and MRT Lines by STP 
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1.1.5 Rationale of this Research  
 
BRT is a very new concept to a developing country such as Bangladesh. The 
success of a BRT project lies in its acceptance by stakeholders, particularly its 
potential users. Potential uptake of BRT by commuters would be expected to be the 
greatest when users receive the maximum benefit. Before implementing BRT, it is 
necessary to investigate its important travel attributes with respect to its specific 
urban setting.  
 
According to Levinson et al (2003) the most important principles of BRT 
implementation are translating BRT plans into the operating system, and identifying 
the respective urban area’s own specific needs, opportunities and constraints. This 
research addresses the principles, by identifying Dhaka’s specific needs, 
opportunities and constraints. Eventually the investigation from this research will 
help other megacities with similar characteristics in developing countries by 
indicating the needs, opportunities and constraints those cities may face during BRT 
implementation and operation.  
 
Some other studies have considered various transport-related issues with 
respect to Dhaka (Government of Bangladesh, 1994; The Louis Berger Group & 
Bangladesh Consultants Ltd, 2004; Katahira & Engineers International Oriental 
Consultants Co. Ltd. and Mitsubishi Research Institute Inc., 2010; Habib, 2002; 
Aftabuzzaman, Murumachi, Harata, & Ohta, 2010; Enam, 2010; Rahman, 2008; and 
Alam, Jaigirdar, & Rahman, 1999). A more detailed review of other transport-related 
studies is provided in Chapter 2. Unfortunately, aside from Enam (2010) no research 
was found that specifically addresses the importance of  BRT’s attributes for Dhaka.  
 
Enam (2010) developed a mode-choice model with Revealed Preference (RP) 
(i.e., survey on actual travel behaviour of workers in Dhaka) and Stated Preference 
(SP) (i.e., survey conducted on a given hypothetical scenario, in which respondents 
give a preference of their choice) data to investigate the preference for MRT. Her 
investigation was mainly based on results from a mode-choice model. However, 
preference for any mode also depends on the performance of the whole system. For 
example, implementing a BRT system in a disorganised, urban setting may not be 
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successful in the long run. This research will overcome this gap by investigating the 
potential for uptake of BRT by commuters from both the supply and demand sides. 
Research findings are intended to be useful to other planning efforts to implement 
BRT in any developing country’s megacity. Specifically, this study will investigate 
important attributes of BRT for commute trip making in Dhaka, because for most 
cities, this trip category is the most prevalent.  
1.2 CONCEPTUAL FRAMEWORK FOR THE RESEARCH 
 
The conceptual framework of this research is divided into two fundamental 
steps: 1) qualitative analysis and 2) quantitative analysis.  
 
Qualitative analysis investigates the supply side of the transport sector in 
Dhaka. Analysing the transport sector identifies challenges and opportunities Dhaka 
may face while implementing and then operating BRT. This research necessitates an 
extensive review on current BRT systems in model cities. Different aspects of the 
transport sector in Dhaka are compared with lessons learnt from model cities’ BRT 
experiences. This comparison gives an indication of the challenges and opportunities 
that may be faced while implementing BRT in Dhaka.  
 
 Quantitative analysis investigates the demand side of transport from the 
results of a mode-choice model calibrated with RP and Preferred Mode Selection 
(PMS) survey data. Mode-choice modelling is the last stage of transport model 
development, where people’s preferences for each mode are estimated based on 
attributes of modes and people’s socio-demographic circumstances. Mode-choice 
modelling is the fundamental tool used in this study to explore the important 
attributes of BRT for the work trip. RP and PMS surveys are key features of this 
study, with a broad cross-section of commuting workers as the subjects. Figure 1.3 
illustrates the conceptual framework of this research. 
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1.3 RESEARCH HYPOTHESIS AND QUESTIONS 
 
The hypothesis that will be addressed by the research will be as follows:  
“Uptake of BRT by commuters in a developing country’s megacity can be 
facilitated by a high quality transit service with reduced in-vehicle time and at an 
affordable cost.” 
The following research questions are posed in order to test the research 
hypothesis: 
a. Can we use standard survey techniques and models to effectively model 
Journey-to-Work (JTW) mode choice in a developing country’s megacity? 
b. What role does gender play in JTW mode decisions in a developing country’s 
megacity? 
c. Could survey and modelling provide evidence of the likely success, or 
otherwise, of an innovative mass transit mode of BRT in a developing 
country’s megacity? 
1.4 RESEARCH AIMS AND OBJECTIVES 
 
The aim of the research is to investigate whether BRT will be acceptable to 
commuters in a developing country’s megacity if a high quality service is provided, 
and to determine challenges which may be faced when implementing BRT.  
 
Based on the research questions and research aim, the objectives of this research 
are as follows:  
 
a. Review examples of BRT development and implementation in model cities in 
developing and developed countries. Understand how BRT systems have 
been planned, implemented and are operating in these cities. These cities’ 
experiences in the BRT implementation process can provide valuable lessons 
for implementing BRT to the case study megacity of Dhaka.  
b. Investigate the challenges for the case study megacity of Dhaka with respect 
to lessons learned from model cities.   
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c. Investigate challenges and opportunities of implementation of BRT in a 
developing country’s megacity such as Dhaka, by measuring travel patterns 
of commuters specifically for the work trip using a mode-choice model 
calibrated with RP and PMS data.  
d. Provide a framework to investigate the uptake of BRT in other megacities 
with similar characteristics to Dhaka. 
1.5 RESEARCH PROCESS  
Figure 1.4 the flowchart illustrates the research process for this study. The 
stages are described below. 
 
STAGE 1: CONTEXT OF RESEARCH  
a. Identify research problem 
b. Develop research hypothesis, research aim and objectives and rationale for  
research 
STAGE 2: LITERATURE REVIEW  
a. Define BRT and determine the BRT system typologies in existence 
b. Obtain examples from model cities where BRT has been developed 
internationally. Identify strategies that these cities have adopted to achieve 
success, overcome obstacles, and realise outstanding performance as a good 
starting point for the investigation specific to Dhaka.  
c. Strengthen theoretical background of mode choice modelling 
d. Conduct a literature review on different aspects of Dhaka’s transport system 
and its administrative setup in the transport sector   
 
STAGE 3: DATA COLLECTION AND FIELD WORK 
a. Conduct a RP survey and a PMS survey with Dhaka commuters as subjects. 
In the RP survey respondents give responses on their actual travel behaviour. 
In the PMS survey, respondents were given several BRT choices to select 
from. 
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STAGE 4: QUANTITATIVE DATA ANALYSIS  
a. Calibrate mode-choice model with the RP data. This model will describe 
current travel patterns of Dhaka commuters and attributes that are important 
to their mode-choice decision. 
b. Calibrate mode-choice model with PMS data. This model will describe 
commuters’ attitudes towards using BRT compared with other modes based 
on the hypothetical scenarios portrayed to them.  
c. Analyse RP and PMS model results to determine which policy measures the 
Government of Bangladesh should adopt for successful implementation of 
BRT in Dhaka.  
STAGE 5: QUALITATIVE ANALYSIS 
a. Apply lessons learnt from model cities to Dhaka. These lessons can be 
applied to any city planning to implement BRT.  
b. Discuss challenges and opportunities for the BRT in Dhaka, based on 
literature review, survey data analysis and modelling results. Even though 
analysis is based on Dhaka, this analysis can give an indication of challenges 
and opportunities that any other developing countries’ megacities may 
observe.  
STAGE 6: FORMULATE CONCLUSIONS AND RECOMMENDATIONS  
a. Formulate conclusion, addressing research questions 
b. Formulate recommendations for BRT implementation for Dhaka. Other 
developing countries’ megacities can also adopt recommendations for the 
policy measures of BRT.  
STAGE 7: THESIS WRITING 
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Figure 1.4 Flowchart of Research Process 
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administrative setup 
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Investigation of  challenges and opportunities through literature 
review, survey data analysis and model result
Stage 6: Formulate Conclusion and Recommendation
Stage 7: Thesis Writing 
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1.6 RESEARCH PARTICIPANTS 
In this research, a broad cross section of commuters in Dhaka was selected for 
survey, from the Business Directory (T-Series Solutions, 2010). The Business 
Directory was selected as it has addresses of all types of workplaces in Dhaka. The 
survey design and implementation process is discussed in Section 5.2. Ethical 
clearance was mandatory for this research as it involved surveying people. This 
research was awarded ethical clearance until April 2015 (ethics application approval 
number 1100001230). 
1.7 STRUCTURE OF THESIS  
Figure 1.5 presents the structure of this thesis. An outline of all chapters is as 
follows: 
 
Chapter 1 consists of background of research, hypothesis, research aim and 
objectives, research questions, research process and significance of research. Overall 
this chapter will make a brief introduction to the research and the reasons behind it, 
and highlight the intellectual contribution of this study to research and practice.  
Chapter 2 provides details of previous studies on Dhaka city. This chapter 
will also briefly describe available transport modes and the administration of Dhaka’s 
transport sector.  
Chapter 3 reviews existing BRT systems in Curitiba, Bogota, Santiago, 
Jakarta, Beijing, Brisbane and Ottawa. This review details how these cities 
implemented BRT, the characteristics of their BRT systems, the performance of their 
BRT systems, and the strategies adopted to overcome obstacles in the BRT 
implementation process. Knowledge and lessons from these BRT systems formulates 
a sound foundation for the BRT implementation process.   
Chapter 4 documents mode-choice model estimation techniques and the 
reasons behind choosing a mode-choice model as the method of analysis. This 
chapter concludes with the theoretical background behind the demand-choice 
modelling method.  
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Chapter 5 documents survey design and implementing strategy. This chapter 
then discusses sample characteristics, such as age, education, income and gender.  It 
also discusses modal percentages and problems respondents were facing in their 
work trip.  
Chapter 6 discusses transport challenges specific to women commuters in 
Dhaka, based on data analysis from the survey and literature review.  
Chapter 7 documents the model with RP data and its result. Results show 
that commuters’ mode-choice decision for a work trip depends on income, age, 
gender and educational qualification. It presents the validation of the model based on 
statistical significance and comparison of actual and predicted mode choice. This 
chapter also measures the response of change of attributes in the current scenario.  
Chapter 8 documents the model with PMS data and its result. This chapter 
discusses choice set and attributes for model calibration. The model was validated 
based on statistical significance and comparison of actual and predicted mode choice. 
This chapter also measures the response of change of attributes in the PMS survey 
scenario. 
Chapter 9 presents an analysis of the challenges that the Government of 
Bangladesh could face in implementing and operating BRT in Dhaka. This is 
supported by the findings of the international review detailed in Chapter 3. This 
chapter also provides recommendations on policy and planning of BRT as a 
consequence of the findings of this study. 
Chapter 10 offers concluding remarks, considers limitations of the research, 
emphasises its contribution to knowledge, and describes future research directions.  
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1.8 PUBLICATIONS FROM THIS RESEARCH  
This research has yielded four peer reviewed conference papers. One journal 
article is accepted for publication, two journal articles are under review and an 
additional four journal articles are being prepared.  
Chapter 2 
Overview of Study 
Area 
Chapter 3 
Review of BRT and 
Model Cities BRT 
 
Chapter 4 
Theoretical 
background of Mode 
Choice Model 
Chapter 5 
Overview of Survey 
Data 
Chapter 6 
Work Travel 
Condition by 
Gender 
Chapter 7 
Model Result 
with RP data 
 
Chapter 9 
Challenges and 
Opportunities of 
BRT in Dhaka 
Chapter 8 
Model Result 
with PMS 
survey data 
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Chapter 2: Review of Dhaka’s 
Transport Sector 
 
This chapter reviews Dhaka’s transport sector by reviewing transport-related 
studies recently conducted, followed by the administrative environment of Dhaka’s 
transport sector.  
The main objective of this research is to investigate the likelihood of uptake 
of Bus Rapid Transit (BRT) by commuters in Dhaka. A review of existing transport 
studies provides an appreciation of knowledge gaps, which this research will help to 
bridge. Examination of the transport policy and administrative environment in the 
transport sector of Dhaka will provide valuable insight to inform the rest of the 
thesis. Learning about the transport sector will provide a strong foundation for 
investigating the challenges and opportunities discussed in Chapter 9.    
2.1 RECENT TRANSPORT RELATED STUDIES OF DHAKA  
The Government of Bangladesh has conducted several studies to improve the 
transport system in Dhaka. Among the most recent studies are the Strategic Transport 
plan (STP), Pre-Feasibility Study of BRT, and the Dhaka Urban Transport Network 
Development Study (DHUTS).  
Besides government studies, several researchers have independently studied 
various transport issues, such as traffic management, non-motorised transport 
(NMT), pedestrians, and travel behaviour of commuters in Dhaka (Baquee, 1979; 
Shankland Cox Partnership, 1979; Ahmed, 1980; Gupta, 1980; Ara, 1983; Firdous, 
1984; Ahmed and Hoque, 1988; Kiwan, 1988; Gallaghar, 1992; Alam et al., 1999; 
Hossain and Hasan, 2000; Habib, 2002; Bari and Efroymson, 2005; Rahman, 2008; 
Aftabuzzaman et al., 2010; Enam, 2010; Hasnine, 2011; Rahman, 2013).  
Section 2.2 reviews the government’s transport-related studies while Section 
2.3 reviews the independent research.  
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2.2  GOVERNMENT STUDIES/PLANNING AND POLICY 
2.2.1 Dhaka City Plan  
 
 In 1906, Scottish town planner, Sir Patrick Geddes, was appointed to develop 
a city plan for Dhaka (Hyder ,1994;  Kabir and Parolin, 2012). The first plan of 
Dhaka was made by Geddes with the concept of a garden city (Islam, 2009). He 
emphasised the protection of natural greenery, the conservation of the city character 
for accommodating future growth and criticised the general tendency of making the 
city more physically structured rather than dynamic (Hyder,1994;  Kabir and Parolin, 
2012). Transforming Dhaka and other Indian cities from narrow lanes and small 
streets to great streets, buildings of high importance and architectural beauty were his 
desires. Even though his plan was never implemented formally, the only natural 
greenery still present in Dhaka today, “Ramna Garden”, was the outcome of 
Geddes’s proposal. Therefore, without any definite plan many roads and houses were 
built in Dhaka during the British Period.  
2.2.2 Dhaka Master Plan   
 
The Dhaka Master Plan was proposed in 1959 by the Dhaka Improvement 
Trust (DIT), capital development authority, (current name is Rajdhani Unnayan 
Kartipokhkho or RAJUK) for a 20 year planning horizon (1958 to 1978). This plan 
was prepared by Minupria and Macfarlane (Rajdhani Unnayan Kartripokhkho, 
2011). The objective of this master plan was to establish planning principles, rather 
than to lay down a detailed and inflexible scheme. The plan identified two problems 
in Dhaka: shortage of land above flood level on which to build, and the congestion in 
the old central city area. The plan defined land use patterns, zoning, water bodies, 
flood prone and buildable zones. The plan recommended that Dhaka should be 
expanded toward the north as Buriganga River is situated at the southern part of 
Dhaka.  
2.2.3  Dhaka Integrated Transport Study (DITS)    
 
Dhaka Integrated Transport Study (DITS) was conducted by the Government 
of Bangladesh with the assistance from United Nations Development Program 
(UNDP) for development and improvement of the transport sector in Dhaka. This 
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study started in 1991 and was completed in 1993. The objectives of the study were to 
obtain information about the demand for transport service, prepare an immediate 
action plan, and develop a local capability to analyse and recommend longer-term 
policies. DITS produced a number of recommendations from the micro level 
(improving a specific intersection) to the macro level (review of institutional issues). 
DITS identified the twenty most congested intersections and construction of a 
flyover was prioritised (Mannan and Karim, 2001; Sultana 2013).  
A transport model was also developed as part of the Dhaka Integrated 
Transport Study (DITS) (Government of Bangladesh, 1994). The major sources of 
data for the development of the model were Home Interview Survey (HIS), roadside 
origin-destination (O-D) survey and traffic count survey. The transport model in the 
DITS study followed classical four-step modelling procedure (i.e. trip generation, 
trip distribution, modal choice and trip assignment). Walking, rickshaw, public 
transport and private motorised transport were considered by the mode-choice model. 
A market segmentation approach was followed by dividing the transport market into 
three monthly income groups. The mode-choice model was simplified into a 
sequential binomial choice model. The choice among multi-modes was simplified 
into different models of binary choices, such as walking versus public transport or 
rickshaw, car versus public transport or rickshaw, and rickshaw versus public 
transport. 
2.2.4 Dhaka Urban Transport Plan (DUTP)  
 
The Dhaka Urban Transport Plan (DUTP) was a technical assistance project of 
the World Bank. Conducted in two phases, DUTP I was completed in 1998 and 
DUTP II started in 1998 with reference to the work of DUTP I. According to Rahman 
(2008), DUTP I made the following recommendations:   
 promotion of the operation of public buses, 
 provision for pedestrian-only areas in old Dhaka,  
 provision of a non-motorised transport (NMT) main route network,  
 improvement of function of the major intersections by constructing flyovers 
at three locations,  
 improvement of existing truck stands,  
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 development of a comprehensive parking policy, 
 enhancement of management and enforcement capabilities of Dhaka City 
Corporation (DCC), Dhaka Metropolitan Police (DMP) and Bangladesh Road 
Transport Association (BRTA), and  
 provision of adequate compensation and reinstatement elsewhere for families, 
commerce, and establishments affected by new construction projects.  
2.2.5 Dhaka Metropolitan Development Plan (DMDP)  
 
In 1995 the Dhaka Metropolitan Development Plan (DMDP) was proposed 
with a long term strategy horizon of 2015. This is a three-level hierarchical plan: 
structure plan, master plan/urban area plan and detail area plan (Government of the 
People’s Republic of Bangladesh, 2010). The Structure Plan identifies the order of 
magnitude and direction of anticipated urban growth and sets out the policy 
guidelines for achieving overall policy objectives. The urban area plan was a 
midterm development strategy for 10 years (1995-2005). The Detail Area Plan is a 
local level plan, which provides the land use policies, infrastructure and utility 
services.  
2.2.6 Strategic Transport Plan (STP)   
 
The Clean Air and Sustainable Energy Project (CASE) was funded by World 
Bank to address air pollution at the source. Strategic Transport Plan (STP) study was 
recommended by the CASE project (Bhuiyan, 2007).  
STP is the most comprehensive transport study for Dhaka. It considers aspects of 
multimodal transport, safety, pricing, environment, travel demand management and 
land use for improving the transport situation with a long-term vision. STP followed 
and updated previous planning studies, including DITS, DUTP and DMDP, for 
proposing a long-term transport plan in a time-period spanning from 2004 to 2024. 
This study projected future growth by considering the planned land use presented in 
DMDP (The Louis Berger Group and Bangladesh Consultant Ltd, 2004). The STP 
planned for a 20-year development term by dividing it into four phases, each with a 
five-year, short-term plan. However, many first phase projects have not yet been 
completed in 2015. For instance, the first section of the pilot BRT corridor should 
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have commenced operation during 2009, and during third phase (2015-2019), the 
whole BRT system should have been in operation. In reality, the construction work 
of this first section of the pilot BRT corridor has not commenced. The objectives of 
the STP (2005) study were as follows:  
 Strategic Transport Plan - develop a coherent long-term Strategic Transport 
Plan (2004-2024) for Dhaka, 
 Urban Transport Policy - prepare an urban transport policy document for 
urban transport development, operation and management,  
 institutional strengthening and capacity building - identify institutional 
weaknesses of Dhaka Transport Corporation Authority (DTCA), DCC, DMP, 
RAJUK and BRTA and prepare a plan for their institutional strengthening and 
capacity building in the area of urban transport strategic planning,  
 priority projects - identify and prioritise projects for Dhaka and plan to 
implement them in phases, and  
 transport model - develop and build capacity for an urban transport model for 
Dhaka city that can be used in evaluating future projects. 
 
In the mode choice model developed for the STP study, transit modes and auto 
modes were included. Rickshaw, which was one of the most dominant modes of 
transport, constituting 37 percent of person trips reported by the same study, was not 
considered in the modal split model developed by the study. Cars and taxis were 
grouped together as the auto mode. Three different models were estimated for three 
income segments: 0 BDT to 12,500 BDT (A$0 to A$170); 12,500 BDT to 55,000 
BDT (A$170 to A$750) and above 55,000 BDT (greater than A$750). 
2.2.7  Pre-Feasibility Study of BRT 
 
 In June 2009, Dev Consultants Limited Bangladesh prepared a pre-feasibility 
study of BRT (Dev Consultants Limited, 2009). A route survey was conducted along 
the proposed BRT corridors. The survey team collected data manually on road 
inventories, such as road side geometry, furnishing, and road side facilities. After 
right-of-way and constraints analyses along the corridor, BRT corridor C (indicated 
with yellow line in the Figure 1.2) was identified as the pilot corridor for early 
implementation of BRT.  
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2.2.8  Dhaka Urban Transport Network Development Study (DHUTS) 
 
This feasibility study of mass rapid transit in Dhaka was conducted by the 
consortium of Katahira & Engineers International, Oriental Consultants Co., Ltd and 
Mitsubishi Research Institute, Inc., under contract to Japan International Corporation 
Agency (JICA), between March 2009 and March 2010 (Katahira & Engineers 
International Oriental Consultants Co. Ltd and Mitsubishi Research Institute Inc. 
2010). The objectives of the study are: 
 
a) to formulate the Urban Transport Network Development Plan integrated with 
urban development plan of Dhaka for the period up to 2025, 
b) based on this plan, to draw a general outline of the urban transport projects to be 
implemented on a priority basis, 
c) to clarify the roles of the project implementation agency and the 
operation/maintenance/management agency, and to propose the development of their 
implementation capability, and 
d) to draw an outline of the feasibility study plan for construction of the urban 
transport system. 
2.2.9  National Integrated Multimodal Transport Policy 
  
The national land transport policy has been prepared for a long-term vision of 
at least 30 years to provide a transport system more significant and able to make 
more financial contribution to Dhaka. On September 29th of 2013 a new national 
integrated multimodal transport policy was approved by the cabinet (Government of 
Bangladesh, 2013). It is designed to build upon the land transport policy and help in 
achieving more rational and balanced investments across transport modes and 
achieve better coordination among them (Smith, 2009). In the policy, more 
importance is given to bus services and high quality vehicles to provide transport 
services to the public of Dhaka. Private sector involvement in bus operation is also 
encouraged. In the policy, it is stated that a progressive ban on rickshaw use on 
certain arterial roads in Dhaka will be continued and where the bus network is less 
dense, rickshaws will be used as feeder services to the bus network. 
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2.2.10  Summary of the Government Studies 
  
Several studies have been conducted on the initiative of Government, up until 
the present time, for improvement of transport conditions in Dhaka. Among the 
studies, STP is the most recent that addresses all future transport projects for Dhaka. 
STP has also argued the need for an improved transport policy and institutional 
strengthening and capacity building. As a consequence, in 2013 a new transport 
policy, “National Integrated Multimodal Transport Policy”, was approved. BRT 
received significant importance in the STP. Following the STP pre-feasibility study, 
the pilot BRT corridor was identified for initial implementation. However, none of 
the government studies directly involved commuters as stakeholders, in order to 
understand their preferences and attitudes toward BRT. This study will contribute to 
previous government studies by analysing commuters’ attitudes toward BRT and its 
operating environment.  
2.3   INDEPENDENT TRANSPORT-RELATED STUDIES 
2.3.1  Overview of Studies 
 
Traffic and transport management and traffic congestion issues of Dhaka were 
investigated by Baquee (1979), Shankland Cox Partnership (1979), Ahmed (1980), 
and Ahmed and Hoque (1988). Baquee (1979) investigated the nature of, cause of, 
and possible solutions to, traffic congestion in old Dhaka. Old Dhaka is the southern 
part of Dhaka with narrow roads constructed during the British period for the horse 
cart and man-pulled rickshaw. Baquee (1979) mainly attributed traffic congestion in 
old Dhaka to the narrow road network, which was not designed to cope with new 
forms of road transport (such as, bus, auto-rickshaw and car) and their increasing 
numbers. The Shankland Cox Partnership (1979) considered transport management 
issues for the whole of Dhaka. Similar to Baquee (1979), this research found road 
network deficiencies, not only in old Dhaka but across the whole city. Shankland 
Cox Partnership (1979) research emphasised the construction and management of the 
road network. Ahmed (1980) and Ahmed and Hoque (1988) investigated different 
aspects of failure of traffic management and administration of Dhaka. Their studies 
found that not only road networks, but also other transport facilities such as public 
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transport and pedestrian facilities were not adequate to meet travel demand, which 
resulted in traffic congestion in the city. 
Gupta (1980) conducted a study on rickshaw pullers, rickshaw owners and the 
role of the rickshaw in Dhaka. He argued that if the growth of rickshaws was allowed 
to continue at its prevailing rate without any restrictions, an increase in number 
would be likely to exceed the road capacity. Gallaghar (1992) investigated the uses 
and characteristics of rickshaw, rickshaw pullers and growth trends of rickshaw 
transport. Contrary to Gupta’s (1980) research, Bari and Efroymson (2005) argued 
that banning rickshaws might not solve the transport problem in Dhaka city. They 
pointed out that, rather than giving more importance to vehicles, a transport policy 
should consider moving people and goods more efficiently. Kiwan (1988) conducted 
a study on pedestrians in Dhaka. Rahman (2013) proposed a policy framework for 
integrating motorised  transport (MT) and NMT on Dhaka’s roads. His planning 
instrument proposed a six-level road hierarchy with modal priorities for the current 
Dhaka transport network, to facilitate NMT and MT integration.  
Alam et al. (1999), Habib (2002), Aftabuzzaman et al. (2010), Rahman 
(2008), Katahira & Engineers International Oriental Consultants Co. Ltd  and 
Mitsubishi Research Institute Inc. (2010), and Enam (2010) developed mode-choice 
models to understand the travel behaviour of Dhaka residents. Among them, only 
Enam’s (2010) research (discussed in section 1.1.5) investigated a preference for 
mass rapid transit through discrete choice modelling.  
Habib (2002) evaluated various options to alleviate traffic congestion and 
reduce air pollution in Dhaka. Among other options, he evaluated improvement of 
the city bus service, revealing that both vehicle-km and vehicle-hour reduced 
exponentially with an increase in the modal share of buses.  
Firdous (1984) highlighted some of the problems of the bus operations in 
Dhaka. His research found a discrepancy between supply and demand of Dhaka’s bus 
fleet.  
Ahsan (1990) investigated the status of public transport systems in 
metropolitan Dhaka. His research emphasised the necessity of a functional and cost-
effective mass transit system.  
     Review of Dhaka’s Transport Sector            26 
 
Hossain and Hasan (2000)  investigated the impact of travel time of different 
vehicles for bus stop location and the impact of travel time of buses for different bus 
frequency with the micro-simulation model.  
Karim et al. (1999) and Hoque and Hossain (2004) recommended 
implementing rail-based tramways to improve transport efficiency in Dhaka. 
Andaleeb's  (2007) research found that eight factors - satisfaction perception, number 
of changes of buses to reach destination, staff behaviour, comfort ride quality, 
passengers’ attitude, bus stand facility, perceptions about security and supervision 
inside buses - are important for bus services in the city.  
Hasnine (2011), instead of investigating bus service in respect to users’ 
perception, as did Andaleeb (2007), investigated the operational deficiencies of bus 
transport in Dhaka. Hasnine’s (2011) research found that insufficient time to access 
buses, multistep boarding on buses, infrequent buses, and an excessive amount of 
cars on the road are some of the main problems for the bus service in Dhaka.  
2.3.2  Summary of the Overview of Independent Studies 
 
These independent studies investigated various transport issues. Some paid 
particular attention to the bus service. However, none investigated the likelihood of 
uptake of BRT by commuters. BRT may not achieve its success if it is not afforded a 
favourable transport environment in which to operate in the long term. Therefore, to 
understand the likelihood of uptake of BRT by commuters, not only is it necessary to 
investigate BRT factors that are important for commuters, but also the BRT operating 
environment. This research will build upon existing knowledge by investigating 
these two in a specified framework (illustrated in Figure 1.3). The findings from this 
study will also be useful for other developing country’s megacities.   
2.4  DHAKA CITY TRANSPORT SECTOR ADMINISTRATIVE SYSTEM 
The Ministry of Communication is the main authority to plan and deliver road 
and transport systems. BRTA, DTCA, Bangladesh Road Transport Corporation 
(BRTC), and Roads and Highways Department (RHD) are responsible for delivering 
safe, efficient transport system to the citizens of Dhaka. BRTC and RHD work under 
the umbrella of the Ministry of Communication (Ministry of Communication, 2012). 
     Review of Dhaka’s Transport Sector            27 
 
DMP works under the Ministry of Home Affairs.  RAJUK works under the Ministry 
of Housing and Public works (Government of Bangladesh, 2013). This section 
describes these transport authorities. These authorities are directly involved in 
forming an environment for any modes that are operating in Dhaka. One of the 
objectives of the study is to investigate the operating environment of BRT. 
Therefore, to understand the current transport environment it is important to 
understand the organisational structure in the transport sector. Figure 2.1 illustrates a 
summary of responsibility of different transport and city development authorities in 
Dhaka.  
 
 
 
                                                             Overlapping Responsibilities  
                                     Interconnection among Different Authorities 
                  *Same coloured boxes represent similar responsibilities of different transport authorities.  
 
Figure 2.1 Summary of Responsibilities for Dhaka’s Transport and City 
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2.4.1  Bangladesh Road Transport Authority (BRTA) 
 
BRTA is a regulatory body that controls, manages and ensures discipline in the 
road transport sector and road safety related areas in Bangladesh (Bangladesh Road 
Transport Authority, 2011). BRTA also conducts research for developing ideas and 
methodologies for safe road transport and traffic system. The Chairman is the chief 
executive of the authority. The Regional Transport Committee (RTC) issues route 
permits for commercial vehicles operating in public places. Each metropolitan city in 
Bangladesh has its own RTC. It is BRTA’s responsibility to constitute and appoint 
every RTC. BRTA appointed Dhaka Metropolitan Regional Transport Committee 
(DMRTC) plans the bus routes of Dhaka, and issues route permits to private and 
government buses (Bhuiyan, 2007). BRTA also conducts pre-registration and annual 
vehicle fitness tests and certifies for compliance to construction rules and road 
worthiness. 
2.4.2  Dhaka Transport Coordination Authority (DTCA) 
 
DTCA emerged in 1998 (the name was amended in 2001) to meet a requirement 
by the suggestion of the project DUTP. The missions of DTCA are:  
 to advise the relevant agencies on an integrated and safe traffic and transport 
system for Dhaka and to make necessary arrangements with that purpose,  
 to coordinate the traffic and transport infrastructure development plan with 
the overall development strategy plan for Dhaka as envisaged in the structure 
plan,  
 to formulate strategic planning for the traffic and transport sector of Dhaka, 
and 
 to coordinate inter-agency cooperation.  
2.4.3  Dhaka City Corporation (DCC)  
 
DCC is responsible for the creation and maintenance of roads and road 
infrastructures. The mayor of Dhaka has been appointed as the chairman of DTCA 
with the intention of transport planning and infrastructure development coordination 
at the highest level of the city governance. Currently DCC maintains about 1300 km 
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of roads, including nearly all of the arterial roads of Dhaka. DCC maintains bus 
terminals located at Jatrabari, Fulbaria, Mohakhali and Gabtoli.  
2.4.4 Rajdhani Unnayan Kartipokhkho (RAJUK)  
 
RAJUK undertakes planning and construction of new roads. RAJUK is 
structured and governed by the chairman and five other members appointed by the 
Government  (Rajdhani Unnayan Kartripokhkho, 2011). The objective of this 
organisation is to develop, improve, extend and manage the city and surrounding 
areas. The organisation’s major functions are to deal with preparation of 
development plans, widen roads and reduce congestion, lay out plans for better 
traffic circulation, provide open spaces for recreation, demolish or construct  
buildings, construct roads, bridges and culverts, acquire land for area development, 
provide urban facilities and services for public use and for improvement schemes 
(Rajdhani Unnayan Kartripokhkho, 2011). 
2.4.5 Roads and Highway Department (RHD) 
 
The RHD is responsible for construction and maintenance of roads and bridges 
on the main road networks of Dhaka. It has a sustainable capacity to plan, manage 
and deliver its full range of responsibilities in respect of the main road and bridge 
networks (Roads and Highways Department, 2013). 
2.4.6 Dhaka Metropolitan Police (DMP)  
 
A separate traffic division within DMP enforces traffic rules and regulations to 
ensure smooth traffic flow. Even though the traffic division of DMP does not have 
enough transport planning specialists to meet the needs of the city, it has a decisive 
role in street activities (Bhuiyan, 2007). For example, occasionally DMP, without 
any planning, imposes restrictions on rickshaw use on many roads.  
2.4.7  Bangladesh Road Transport Corporation (BRTC) 
 
BRTC is owned by the Government of Bangladesh and is the public bus 
service provider in the country. The bus services provided by BRTC include double 
decker, single decker, exclusive service for women, and service for students (Sultana, 
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2013). The main objective of BRTC is to provide safe, fast and efficient bus service 
to the citizens and also to train unemployed youths to be motor vehicle drivers and 
auto mechanics. 
2.4.8 Summary of Overview of Transport Sector Administrative Setup  
 
Even though different organisations are involved in the transport sector in 
Dhaka, sometimes there are no clear indications of differences of responsibilities for 
different organisations. For example, DTCA is the policy making authority for public 
transport in Dhaka. On the other hand BRTA is also responsible for some policy 
related issues, such as setting fare structures, issuing bus permits and also providing 
measures to increase safety on roads. This indicates that there are some overlapping 
responsibilities of these two organisations. 
   
Again DCC, RAJUK and RHD have similar responsibilities for construction 
and maintenance of roads. Due to a lack of coordination and scientific and technical 
analysis DMP also sometimes takes upon some policy related issues (Bhuiyan, 
2007).  
 
Even though there should be coordination among these authorities, a lack of 
consultation between them is not infrequent. DMP’s decision of banning rickshaws 
from some roads in Dhaka is one of the examples of a lack of coordination among 
these authorities.  
2.5   CHAPTER SUMMARY  
This chapter gave a critical overview of various studies conducted on Dhaka’s 
transport system. STP, which is the most comprehensive planning document of 
Dhaka, updated and improved previous transport planning documents such as DITS, 
DUTP and DMDP. The STP proposed future transport projects to complete in 20 year 
time periods (2004-2024) in four phases. However, actual implementation of 
transport projects is not keeping in pace with the timeline of the STP. Other than the 
government studies, some independent research has been conducted on transport-
related issues in Dhaka city. Apart from Enam (2010), none explicitly discussed the 
preferences of Dhaka city residents concerning BRT. However, her research also 
     Review of Dhaka’s Transport Sector            31 
 
dealt only with investigating the preference of mass rapid transit from the model 
result and did not investigate the condition of the transport environment in which 
BRT will be in operation.  
The authorities BRTA, DTCA, DCC, RAJUK, RHD, and DMP are 
responsible for urban development and the transport sector in Dhaka. These 
organisations work under the Ministry of Communication, Ministry of Home Affairs 
and Ministry of Housing and Public Works respectively.  However, even though 
several authorities form the transport administrative sector, a lack of communication 
and coordination is present among them.  
Even though several studies have been conducted and Dhaka has an updated 
National Integrated Multimodal Transport Policy, it still lacks an efficient and 
effective transport system. An overview of the survey in Chapter 5, which is 
conducted as part of this research from October 2011 to December 2012, will give 
overview of the deficiency of the system from the respondents’ responses. Later 
discussion in Chapter 6 will provide more discussion on the deficiency of the system 
by an analysis of survey data from a gender perspective. Chapter 9 will provide 
further analysis of the deficiency of the system by investigating institutional 
challenges of and opportunities for the transport sector in any developing country’s 
mega city, in the context of Dhaka.    
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Chapter 3: Review of Existing Bus 
Rapid Transit (BRT) 
Systems 
 
This chapter defines and discusses features of a Bus Rapid Transit (BRT) 
system. Later, it discusses and analyses international BRT systems in model cities 
such as in Curitiba, Bogota, Santiago, Jakarta, Beijing, Ottawa and Brisbane. Lessons 
are drawn from the review of these cities’ BRT systems. 
According to Dolowitz and Marsh (2000) “lesson-drawing” is one of the 
terms used to describe ‘the process by which knowledge about policies, 
administrative arrangements, institutions and ideas in one political system (past or 
present) are used in the development of policies, administrative arrangements, 
institutions and ideas in another political system’. “Lesson drawing” is a narrower 
concept than “policy transfer”, in that it focuses on the voluntary while the latter 
encompasses diffusion and coercion. This review of existing BRT systems has been 
conducted in a structured manner, similar to the lesson drawing study definition of 
Dolowitz and Marsh (2000). Review from model cities’ systems will provide insight 
that will be drawn upon, particularly in Chapter 9, which discusses challenges and 
opportunities of BRT in the context of Dhaka. 
Curitiba’s first complete BRT system has provided a state-of-the-art image to 
the world. This was later followed by Bogota, whose BRT system initially achieved 
huge popularity. Santiago’s BRT system is of particular interest, as it is an example 
of conversion of a project which failed initially, into one of the most successful BRT 
projects to date. Jakarta’s system is the leader among BRT systems in Asia. Beijing’s 
BRT system is also a strong, recent example. Ottawa and Brisbane are prime 
examples of BRT systems delivered successfully in the cities of developed countries. 
BRT systems in Curitiba and Ottawa have been considered as ‘best practice’ by many 
panel members in a survey of international bus experts (Currie and Wallis, 2008).  
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3.1  DEFINITION AND FEATURES OF BRT 
3.1.1 Definition of BRT 
 
Many documents have defined BRT. According to the US TCRP A-23 project, 
BRT is (Levinson et al., 2003) defined as: 
“A flexible, rubber- tired rapid transit mode that combines stations, vehicles, 
services, running way and ITS elements into an integrated system with a strong 
positive image and identity. BRT applications are designed to be appropriate to the 
market they serve and their physical surroundings and can be incrementally 
implemented in a variety of environments. In brief BRT is a permanently integrated 
system of facilities, services and amenities that collectively improve the speed, 
reliability and identity of bus transit. In many respects, BRT is rubber –tired light rail 
transit (LRT) but with greater operating flexibility and potentially lower capital and 
operating costs”.   
Thomas (2001) defined BRT as a rapid mode of transportation, which offers 
quality of rail transit along with flexibility of buses. BRT can be implemented non-
contiguously, enabling rapid implementation (Jarzab et al., 2002).  
3.1.2 Features of BRT 
 
BRT elements can vary between projects, but the whole system should have 
high speed, comfort, safety and reliability (Jarzab et al., 2002). Some basic elements 
are running way, stations, vehicles, fare collection, service pattern and identity and 
branding (Levinson et al., 2003 & Miller, 2009).  
 
Running way is the essential feature of BRT. Running way has an impact on 
speed, reliability, cost, image and identity. Types include:  
 
1) on-street running way, such as an exclusive lane for buses either on the 
kerb side or on median side of the carriageway, and         
2) off-street running way, such as a freeway or expressway bus lane, at-grade 
transitway, and grade-separated transitway or busway (Diaz and Hinebaugh, 2009).  
 
The station is a particularly important element in the BRT system as the link 
between the passenger and the BRT system (Kittelson & Associates Inc. and Herbert 
S. Levinson Transportation Consultants, 2007). For a BRT system, both station 
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locations and spacing should be planned so that passengers can easily access stations 
without walking excessive distances.  
Vehicles on a BRT system have a measurable impact on speed, capacity, 
environment and comfort (Levinson et al., 2003; Arias et al., 2007 & Kittelson & 
Associates Inc. et al., 2007; Diaz and Hinebaugh, 2009). Striking-looking vehicles 
are important because users spend much of their time on the system within them, and 
they are also highly visible to potential customers (Levinson et al., 2003; Diaz and 
Hinebaug, 2009).  
Fare payment has a large influence on dwell time and speed of buses. Fare 
structure and fare collection processes are two basic aspects of BRT fare policies 
(Levinson et al., 2003). Fare collection can occur either on-board or off-board. Off-
board fare collection is superior to on-board fare collection because it reduces 
passenger service time while boarding and alighting, and therefore station dwell 
time, bus travel time and operating costs (Levinson et al., 2003). However, on-board 
fare collection can work well at low volume stations and during off-peak periods.  
 
Service design for BRT should be legible and easy to understand and should 
reflect a city’s transit needs. Service frequency varies with city, depending on 
ridership demand and type of service. However, Levinson (2003) argued that trip 
length should not be more than two hours of round trip travel time. To increase 
ridership, it is essential to make BRT distinctive. BRT should have its own image and 
identity. Branding is a means of making BRT service distinctive from other services.  
 
For any city, a combination of various features has to be planned properly. 
Considering Dhaka, a median running way may be more appropriate, and off-board 
fare collection may better process high passenger volumes. Service frequency and 
route planning should be detailed in such a way that BRT can meet transit demand.  
3.2  BRT SUCCESS FACTORS 
A logical diagram of factors behind the success of BRT is illustrated in Figure 
3.1. Success factors of model cities’ BRT systems are administrative set up and 
political will, proper design of the BRT system, public awareness, proper fare 
structure, integration between land use and BRT and a phasing approach for BRT 
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implementation. Therefore, the success factors of BRT can be divided into four broad 
categories: institutional, planning and design, social and infrastructural factors. 
However, all factors are interrelated.  
Institutional factors, such as strong political will, administration, coordination 
among organisations, political stability, accountability, law enforcement, capability to 
arrange funding for BRT, and transparency are very important for any BRT project.  
If institutional factors are met, then planning and design of BRT will be 
practical and can be adopted easily to attract more passengers. If the public 
understands that behind the BRT project there is a strong administrative arrangement 
and the BRT has been designed by skilled professionals to meet their demand, then 
public acceptability towards BRT will increase. Government and BRT authorities 
should have proper plans to handle any opposition by public and existing bus 
operators before implementing BRT. Public awareness from the beginning is very 
important. The public can be educated about BRT systems through various media, 
such as television and the internet. Initial free service is also a very good approach 
for educating the public about a BRT system.   
When government is sure that the public is well informed and BRT is not 
opposed by the public or existing authority, then BRT infrastructure can be 
implemented. If these three factors are met, then government can implement BRT 
infrastructure. From BRT infrastructure, the public can get actual experiences of a 
BRT system. The positive outcome may increase acceptance. But if the outcome is 
negative, then public acceptance may reduce. This will lead to a reconsideration of 
BRT planning and design and even administrative arrangement.  
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Figure 3.1 BRT Success Factors 
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3.3 REVIEW OF BRT SYSTEMS IN MODEL CITIES 
Reviewing BRT systems in Curitiba, Bogota, Santiago, Jakarta, Beijing, 
Ottawa and Brisbane will provide valuable insights to current research. This section 
will detail the BRT system in these model cities. Understanding their planning and 
implementation processes and the significant factors for their success or failure can 
be important lessons for other cities that are planning to implement BRT. Lessons 
learnt from these systems will then be analysed in terms of their applicability to 
Dhaka’s case, in Chapter 9.  
3.3.1 Curitiba (Brazil)  
 
Curitiba’s BRT system is known as Rede Integrada de Transporte (RIT) 
(Integrated Transport Network). It was the world’s first full BRT system to be 
established.  Many authors have studied this system, including Ardila-Gomez (2004), 
Bassett and Marpillero-Colomina (2013), Hidalgo and Graftiaux (2007), Deng and 
Nelson, TransMilenio S.A. (2013), Institution of Transportation and Development 
Policy (2013), Hidalgo et al. (2013), Bassett and Marpillero-Colomina (2013), Jaffe 
(2012), Hoffman (2008), Hidalgo and Graftieaux (2008a), Hensher and Golob 
(2008), Dario and Graftiaux (2007), Menckhoff (2005), Ernst (2005), Sandoval and 
Hidalgo (2002), Hidalgo (2002) Wright (2001), Kruckemeyer (2000), Diaz and 
Schneck (2000), and Deng and Nelson (2013). 
Curitiba is the pioneer of BRT in Latin America, and has provided 
instructions to many other cities in Latin America (Wright, 2001). Curitiba’s BRT 
initiative and master planning was started in 1965 by forward thinking and cost 
conscious planners (Goodman et al., 1998; Wright, 2001).  
BRT in Curitiba is implemented as an integral component of the development 
process for the whole city (Goodman, Laube and Schwenk, 1998; Wright, 2001). The 
Master Plan included a plan of urban growth along the designated corridor, spurred 
on by zoning and land use policies (Goodman et al., 1998). Curitiba’s median 
busway system has progressively expanded over the years. The actual planning of 
BRT commenced in 1972, the system was built in 1973, and operation commenced in 
1974 (Levinson et al., 2003).  
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Wright (2001) stated that Curitiba’s BRT system started with only two bus 
lanes in 1974. Curitiba now has five integrated median busways served by bi-
articulated buses developed along structural axes, resulting in the unique urban 
structure of a star-like, high-density development (Menckhoff, 2005; Levinson et al., 
2003). The busway stations in Curitiba act as development nodes to attract 
commercial and residential development (Wright, 2001). As busway stations are 
located along the high density areas in Curitiba, buses can attract sufficient passenger 
traffic to maintain cost-effective busway operation, and passengers have easy access 
to shopping, employment, and services (Wright, 2001).  
Its features include running way, stations, distinctive easy-to-board vehicles, 
off-vehicle fare collection, ITS and frequent all-day service. These features have 
helped Curitiba’s BRT system to achieve speed, reliability and efficiency of a 
subway system (Goodman et al., 1998). 
Curitiba’s BRT system can be said to be one of the most successful because 
of its high ridership. From the literature review, almost 75 percent of commuters 
actually use BRT. Ridership gain (1.9 million to 2.1 million passengers trip per day), 
travel time saving, effective vehicle design (wide bus doors, level access, five doors 
for separate simultaneous boarding and alighting), bus speed (express service 
30km/h) are some of the success parameters of Curitiba’s BRT system.  
Some of the problems of Curitiba’s BRT system are overcrowded buses 
during peak times, and absences of automatic vehicle guidance, overtaking lanes at 
stations, and in-vehicle displays.  
3.3.2 Bogota (Colombia)  
 
Bogota is the largest and the capital city of Colombia.  Many authors have 
studied its “TransMilenio Median Busway” system, including: Ardila-Gomez (2004), 
Bassett and Marpillero-Colomina (2013), Hidalgo (2002), Hidalgo and Graftiaux 
(2007), Deng and Nelson (2011), Diaz and Schneck (2000), EMBARQ World 
Resource Institutute (2013), Ernst (2005), Hensher and Golob (2008), Hidalgo and 
Graftieaux (2008a), Hidalgo et al. (2013), Hoffman (2008), Kruckemeyer (2000), 
Menckhoff (2005), Sandoval and Hidalgo (2002), and Wright (2001). 
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In October 1999 the public transit agency TransMilenio, S.A. was established 
to plan and manage construction and oversee its operation (Cain et al., 2007). In 
December 2000, a BRT service on one corridor in Bogota commenced operation with 
high platform and centre island stations. When opened, the BRT service was free for 
one month in order to engage public interest. Separate private companies are 
responsible for construction, operation and fare collection. These private companies 
are selected through bidding processes (Cain et al., 2007).  
Among its major features Transmilenio has running way, stations, distinctive 
easy-to-board vehicles, off-vehicle fare collection, Intelligent Transport System 
(ITS), and frequent all-day service (Levinson et al., 2003). Bogota’s BRT system 
uses articulated buses for the main route and ordinary buses for the feeder service. 
There is no parallel bus route on general traffic lanes, so Transmilenio faced no 
competition.  
After TransMilenio was implemented in Bogota, the travel speed increased 
for buses, and travel time for the public reduced significantly (Cain et al., 2007; 
Sandoval & Hidalgo, 2002). Increased bus speed and decreased travel time are two 
indicators to measure the performance of Transmilenio. It was found that the speed 
of public transport increased on average from 12km/h and 18km/h to 27 km/h, which 
resulted in a system-wide travel time saving of 136,750 passenger hours per day for 
Transmilenio Phase I, which equates to a 32 percent travel time saving (Cain et al., 
2007; Sandoval & Hidalgo, 2002). From a survey, it was found that 83 percent of the 
public said that they choose the service because TransMilenio had increased the 
speed of buses and decreased travel time for passengers (Sandoval & Hidalgo, 2002). 
Transmilenio’s high ridership of passengers demonstrates its success. One of the 
most important criteria to measure the success of BRT is public acceptance. The 
quality of Transmilenio and its integration with other non-motorised modes is 
another reason for its success.  
In spite of its great success, Hidalgo & Graftieaux (2008a) identified some 
concerns regarding Bogota’s TransMilenio: i) On-board vehicle crowding and delays 
in accessing feeder buses, ii) Even though Phase I and II achieved great success, 
funding for Phase III was insufficient, and iii) Organisation of public transport for the 
rest of the city was poor, iv) inadequate busway is a challenge for TransMilenio. The 
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busway is presently 82 km in length, whereas its original planned length was 170 
km.  
Gilbert (2008) has gone further to state that Transmilenio is not a miracle for 
the city and is not very successful. Aside from overcrowding and delay, other 
problems he stated were: safety, higher-than-expected profit of bus operators, high 
capital subsidy, indirect operational subsidy for police and diesel, and effectively 
consolidating the existing shape and land use of the city, with all of its associated 
problems.  
3.3.3 Santiago (Chile)  
 
Santiago, the capital city of Chile, has a BRT system named TranSantiago, 
which commenced operation in 2007. Many authors have studied this system 
including Gómez-Lobo (2012), Yáñez et al. (2010), Muñoz (2010), Muñoz et al. 
(2009), Muñoz and Gschwender (2008), Hidalgo and Graftieaux (2008b, 2008a), 
Fernández (1994), Darbéra (1993) and Muñoz (2013). 
The main goal of the Transantiago plan was to increase the public transport 
mode share by maintaining environmental, economic and social sustainability 
(Muñoz, de Dios Ortuzar, & Gschwender, 2009). To ensure economic and social 
sustainability, initially the BRT system in Santiago was subsidy free and the fare was 
similar to the previous system.  
Unfortunately, initially many Santiaguins considered Transantiago as a 
complete failure (Muñoz & Gschwender, 2008). There were many reasons behind 
this, such as impractical planning, conflict in administration, lack of schedule 
adherence, lack of technical knowledge, insufficient bus fleet, improper route 
planning, inconsistent frequencies, and missing or poor infrastructure (Hidalgo & 
Graftieaux, 2008b; Yáñez, Mansilla, & Ortúzar, 2010). Transantiago was a highly 
ambitious plan, said to be going to tackle every transport problem of Santiago. 
Transantiago is the combination of feeder line, main line and metro network.  
According to Muñoz et al. (2009), by end of 2007, some improvements had 
been made, such as an increase in the bus fleet, increases in the ‘bus only’ corridor, 
and implementation of pre-paid bus stops, which has increased speed from 8km/h to 
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28km/h. One of the positive outcomes of the project was eliminating on-street bus 
competition, and improving drivers’ conditions.  
3.3.4 Jakarta (Indonesia)  
 
Jakarta, the capital city of Indonesia, owned a BRT system known as 
TransJakarta (Siregar, 2014; Elyda, 2014; Unit Managers TransJakarta Busway, 
2013; Global Mass Transit Report, 2012; El-Amir, 2012; Jordan Times, 2011; 
Hidalgo and Graftieaux, 2008a; Matsumoto, 2007; Currie, 2006; Ernst, 2005; 
Institute for Transportation and Development Policy, 2003; Arif, 2002; Dewi, 2013). 
Some newspaper and online documents including Global Mass Transit Report 
(2012), Institute for Transportation and Development Policy (2003), Elyda (2014) 
and Jordan Times (2011) also provide discussion on TransJakarta. 
For Jakarta’s BRT implementation, a ‘top down’ (i.e., planning starting from 
the government’s top position) process was critical, where Governor Sutiyoso had a 
significant role in the implementation process (Ernst, 2005; Matsumoto, 2007). The 
Institute of Transport and Development Policy (ITDP)’s aid, visit to observe 
Bogotá’s BRT system, and a visit by Bogota’s Mayor Penalosa, initiated the BRT 
implementation process (Matsumoto, 2007). Just after the ninth month of planning, 
the BRT corridor began operation on January 15, 2004 on a trial basis and began 
revenue operations on February 1, 2004 (Ernst, 2005; Matsumoto, 2007). Currently, 
eight corridors are in operation; two corridors are inactive and five more corridors 
will be opened in the future.  
Travel time reduction is one of the key measures that have determined the 
success of TransJakarta. Among other measures of success are mode shift from the 
private vehicle to BRT and the extent of BRT expansion.  
When implemented, some of the initial shortcomings of the systems were 
inadequate improvement of road surface for BRT lanes, inadequate capacities of 
terminal stations, only one platform level door on the platform side, ineffective 
feeder services, and an absence of en-route headway control (Ernst, 2005). When 
implemented, 95 percent of previous bus routes were still running along the corridor 
and road capacity for mixed traffic decreased between 20 and 25 percent, creating 
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more congestion on the road. TransJakarta therefore had a severe impact on traffic 
when it commenced its operation.  
3.3.5 Beijing (China)  
 
Beijing is the capital city of China. Many authors discussed Beijing’s BRT 
system including Chang & Guo (2005), Deng and Nelson (2013a), Deng and Nelson 
(2013b), Matsumoto (2007), Hossain (2006), Darido (2006), and Deng and Nelson 
(2011). 
Beijing’s first BRT corridor is known as the Southern Axis BRT Line 1, 
which opened on 30 December 2005. To reduce intersection delay, exclusive 
busways were elevated at intersections. Level boarding and alighting, multiple doors 
and off-board fare collection reduced travel time from 60 min to 37 min.  
Ridership gain, increased bus speed, travel time saving (38% of travel time 
reduction in corridor before vs after BRT), frequent service (1.5 min peak time and 3 
min during off-peak time) are some of the success parameters of Beijing’s BRT 
system.  
3.3.6 Ottawa (Canada) 
  
Ottawa, the capital city of Canada, has a BRT system known as Transitway. 
Transitway is renowned for its state-of-the-art image of a modern and full BRT 
system for the developed world. Many authors have reviewed Ottawa’s BRT system, 
including Al-Dubikhi and Mees (2010), Cervero (2013), City of Ottawa (2014), Diaz 
and Hinebaugh (2009), Fullerton (2005), James (2008), OC Transpo (2013), 
Rathwell and Schijns (2002), Shen et al. (1998), and  Siddique and Khan (2006). 
Ottawa’s BRT system commenced operation in 1983, with an extensive 
busway system, attractive stations offering all-stop, and express service (Levinson et 
al., 2003). Initially, the Transitway was designed as a mode neutral transit system. 
Later, a physically segregated busway was built outside the CBD area, while service 
in CBD remains based on an exclusive bus lane due to right-of-way (ROW) 
constraints (Siddique and Khan, 2006). Monetary constraint was also another reason 
for exclusive bus lane instead of physically segregated busway in CBD (Siddique 
and Khan, 2006). Even though diesel-operated buses were given preference, because 
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of cost and flexibility, provision was kept for conversion of BRT to the LRT system 
(James, 2008; Rathwell, 2002). In this way, the Transitway system will be able to 
accommodate a large increase in passenger demand in the future (Shen et al., 1998).  
Excellent planning, proper technical design, a flat fare structure, and 
flexibility to convert it into LRT are some of the factors that have made Transitway a 
very successful project. The success of this BRT system can be measured from its 
reduced travel time, increased speed, and high level of patronage. One of the 
deficiencies of the system is not having a busway in the CBD area.  
3.3.7 Brisbane (Australia)  
 
Brisbane, the capital of Queensland, Australia, is the fastest growing 
metropolitan city in Australia. Brisbane’s BRT system is well known for its aesthetic 
value.  Many researchers have studied this system, including Currie (2006), Currie 
and Wallis (2008), Golotta and Hensher (2008), the Queensland Government (2013a, 
2013b), and Rathwell and Schijns (2002). 
The busway system was designed in the late 1990s.The South-East busway 
was the first stage of the network and its first section commenced operation in 2000. 
In 2002 a new state Government agency, Translink, was established to deliver an 
integrated urban transport system to the people of Brisbane.  
The Inner Northern Busway was opened in May 2008. The first section of the 
Northern Busway (then Royal Children’s Hospital to Windsor) commenced operation 
in August 2009 and the second section between Windsor and Kedron opened in June 
2012.  
The first section of the Eastern Busway (Eleanor Schonell Bridge to South 
East Busway) started operation in August 2009 and the second section (Buranda to 
Coorparoo West) started operation in 2011. A third section (Coorparoo West to 
Capalaba) is proposed to be delivered in the future, subject to funding and 
government priorities (Queensland Government, 2013 a, 2013 b).  
Success of a BRT system depends on public acceptance. According to Currie 
(2006), Brisbane’s BRT system is well beyond the acceptance limit. Strong 
coordination among several government organisations, proper technical design of the 
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system, excellent architectural design of stations, physically segregated busway, a 
common fare structure with other public transport modes and non-BRT routes are 
some of the factors contributing to Brisbane BRT’s success.  
However, one of the failures of Brisbane’s South-East busway is that some 
Transit Oriented Developments (TODs) were not achievable due to the corridor’s 
location alongside a motorway corridor, along with local community sentiment. 
3.4  ANALYSING FACTORS LEADING TO SUCCESS OF BRT IN MODEL 
CITIES  
 
This overview of world BRT systems has identified factors leading to their 
success. For implementing BRT in Dhaka, it is very important to analyse other BRT 
projects to identify their factors for successes and failings. In this section, lessons 
from model cities’ BRT examples are analysed and discussed.  
3.4.1 Institutional Factor 
 
Some of the significant criteria of institutional factors stated in Figure 3.1 are 
discussed in this section.  
Political willingness and Administrative Capability 
From the literature review it can be understood that strong administrative 
capability, support from high officials, integration among different government 
organisations and stakeholders’ involvement are some important criteria needed to 
achieve a successful BRT project.  
For example, TranSantiago was launched with extremely limited institutional, 
legal and financial support (Gómez-Lobo, 2012; Hidalgo and Graftieaux, 2008b; 
Muñoz, 2013; Yáñez el al. 2010). That was one of the main reasons for its initial 
failure. However, President Michele Bachelet’s strong administrative capability 
gradually improved TranSantiago’s services, with short term and long term goals.  
Strong administrative capability and political willingness helped Bogota, 
Jakarta, and Curitiba to achieve successful BRT systems. Jamie Learner, Enrique 
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Penalosa, and Sutyiso all had strong administrative power and positive attitudes that 
reformed the BRT system and urban structures in Curitiba, Bogota and Jakarta 
respectively.  
Strong administrative capability helped to overcome all challenges that 
Curitiba’s BRT faced along its development process. The challenges Curitiba faced 
were overcrowded buses after its initial implementation, complex fare structure, 
users’ protests about high fares and low quality services during 1983-1987, lack of 
capacity of buses, lack of maintenance, and revenue losses due to manual ticketing 
(Bassett and Marpillero-Colomina, 2013; Lindau, Hidalgo and Facchini, 2010b; 
Menckhoff, 2005). Ordering more buses, implementing a flat fare structure, revision 
of the cost structure, changes in the remuneration scheme (per logged kilometre), 
gratuities for special groups, introduction of a publicly owned and operated bus fleet, 
and reduced fares on Sundays are some of the measures leaders and planners adopted 
to overcome the initial problems of Curitiba’s BRT system.  
If executives in power were not interested in the project, then TransMillenio 
would not have come into reality. After Penalosa’s term ended, subsequent mayors, 
Antanas Mockus and Luis Eduardo Garzón, continued the TransMilenio project by 
planning and beginning to implement its second stage (Ardila-Gomez, 2004). 
Therefore, with strong political effort, TransMilenio continued to expand as planned.  
In Brisbane, political willingness and integration among the Department of 
Main Roads, Department of Transport and TransLink made Brisbane’s BRT system 
world famous for both aesthetic and efficiency reasons (Currie, 2006; Currie and 
Wallis, 2008; Golotta and Hensher, 2008; Queensland Government, 2013a; Rathwell 
and Schijns, 2002). 
Making challenging administrative decisions is crucial for BRT’s success. In 
Bogota’s case, the previous operator was not satisfied with their compensation for 
discarding old buses; neither were they happy with the bidding process. Eventually 
their frustration led them to strike. However, the leaders of Bogota negotiated the 
issue effectively (Hidalgo and Graftiaux, 2007).  
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Political Stability 
Political stability is essential for BRT’s success. In Curitiba Jeme Lerner was 
mayor for three terms. As a result BRT was always a priority for that city’s 
sustainable development. However, in Bogota, the BRT system’s expansion slowed 
with Enrique Penalosa’s term ending during 2000. It might have been that if Penalosa 
remained as mayor for longer, the BRT system’s expansion would not have slowed 
(Ardila-Gómez, 2004; Ernst, 2005; Hidalgo et al., 2013; Wright, 2001).  
Santiago is another example of political instability. Development of BRT in 
Santiago slowed because of several changes of political leaders. Santiago underwent 
many changes during the transition period from the old to the new system, between 
2005 and 2007 (Gómez-Lobo, 2012; Hidalgo and Graftieaux, 2008a, 2008b; Muñoz, 
2013; Muñoz et al., 2009). The Transport Minister changed twice and the BRT 
project co-ordinator changed four times, which not only delayed but also led to 
improper implementation of BRT.   
Management of BRT System  
In most cities, BRT is managed by a public agency and private operators are 
responsible for operating buses under agency supervision. Curitiba, Bogota, Jakarta 
and Brisbane are good examples of this. However, in Beijing, a public agency is 
responsible for operation, management and construction of the BRT system.   
In Bogota, the public agency, “TransMilenio, S.A.”, is responsible for 
planning and managing the construction and overseeing BRT’s operation (Sandoval 
and Hidalgo, 2002). Separate private companies were responsible for construction, 
and are responsible for operation and fare collection. These private companies were 
selected through a bidding process. TransMilenio S.A. closely monitors the 
performance of the private companies by GPS system, closed circuit cameras, on-
board computer, and a communication system, with which each bus is equipped. 
  
In Curitiba the public agency Urban Development Agency of Curitiba 
(URBS) is responsible for BRT operation and management. Private bus operators are 
contracted to operate buses through direct assignment. They do not compete through 
bidding. Operating cost and replacement cost are paid by URBS (Friberg, 2000). As 
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private operators are not responsible for operating cost and replacement cost, the 
efficiency of the system is well maintained.   
 
In the case of the Jakarta BRT, the public agency “Badan Layanan Umum 
TransJakarta Busway (BLU) was responsible for development and is responsible for 
management. A separate public agency, Jakarta Transportation Agency (JTA) is 
responsible for efficient BRT operation (Ernst, 2005). The TransJakarta system is 
fully funded (operation and 40% of fare subsidised) by the Government. However, in 
early 2014, TransJakarta was officially transformed into a city-owned company with 
a new board of directors and the goals of improving service and reducing subsidies 
(Elyda, 2014). Government also anticipates that gradually the subsidy can be 
reduced, as patronage of TransJakarta is increasing. 
 
In Beijing, individual state-owned Beijing Public Transport Holdings, Ltd. 
(BPT) plan and manage its BRT system (Darido, 2006; Deng and Nelson, 2011; 
Deng and Nelson, 2013b; Matsumoto, 2007).  
 
In Brisbane, the Queensland Department of Transport and Main Roads’ 
TransLink Division is responsible for BRT construction, management, operation 
including bus scheduling, and fare collection (Queensland Government, 2013a, 
2013b; Rathwell and Schijns, 2002). Private operators share responsibility for bus 
operation with TransLink Division. 
In cases where private operators are responsible for BRT bus operation the 
payment policy should be attractive for operators and financially efficient for the 
Government. The payment policies for private bus operators were a significant issue 
in both Curitiba and Bogota (Ardila-Gómez, 2004; Dario, 2002; Hidalgo and 
Graftiaux, 2007). In Curitiba, bus operators are paid, based on distance. 
Consequently this has resulted in the provision of inadequate buses during peak 
hours and excess buses during off peak hours. Instead of improving the situation in 
Bogota, bus operators retain all fare-box revenue. Absence of financial subsidy made 
bus operators uninterested in increasing the bus fleet to overcome the issue of 
overcrowding inside buses.  
 
     Review of Existing Bus Rapid Transit (BRT) Systems            48 
 
Enforcement of Rules and Laws  
Enforcement of rules and laws is important for BRT’s productivity and 
efficiency. Rules and regulations are not strictly followed by the residents of Jakarta. 
As the busway corridor is not segregated, encroachment by pedestrians, motorcycles 
and private cars occurs. Private vehicles also have permission to make U turns from 
the busways. An absence of overtaking lanes and rules and regulation 
implementation reduce TransJakarta’s operational productivity to as low as about 
five passengers boarding per km (Hidalgo and Graftieaux, 2008a). Another 
consequence of this illegal encroachment is accidents. From January to July 2010, 
there were 237 accidents on TransJakarta buses, resulting in 57 injuries and eight 
deaths (Jordan Times, 2011). 
There is also an absence of strict regulation in Beijing, which reduces BRT 
system productivity (Deng and Nelson, 2013b). Even though barriers separate BRT 
from general traffic, cars, tricycles and pedestrians encroach onto busways. 
Sometimes some passengers climb over barriers to reach BRT stations.  
 
Other Policies that Depends on Institutional Factor 
Other policies may initiate the increase of BRT patronage. Restricting cars, 
increasing parking fee, implementing vehicle-free days except BRT, providing free 
BRT service, improvement of pedestrian facilities and controlling land price near the 
BRT would increase BRT patronage (Deng and Nelson, 2013b; Unit Pengelola 
Transjakarta Busway, 2014; Duarte and Ultramari, 2012) .  
Implementing car-free days and free BRT services will help BRT patronage to 
understand the BRT system. Jakarta has adopted these policies to increase the bus 
patronage, including a once-a-month car-free day and free BRT service on special 
occasions (Unit Pengelola Transjakarta Busway, 2014).  
In Brisbane, the parking fee structure in the CBD is excessively high, which 
discourages commuters from travelling by car into the congested CBD area. 
Eliminating free parking facilities and a flexible working hours approach in Ottawa 
has increased the popularity of Transitway.  
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In Curitiba, along the BRT corridor land value has increased so significantly 
that low income people are not able to afford to live along the corridor (Duarte and 
Ultramari, 2012).  
3.4.2 Planning and Design 
Some of the significant criteria to achieve planning and design factors stated 
in the Figure 3.1 are discussed in this section.  
Route and Service Planning  
Considerable time and effort are required to properly plan BRT. Rushed 
implementation should be avoided. For example, Jakarta’s rushed implementation of 
a busway was the reason for improper pavement structure and bus design. Planning 
of BRT also should consider whether buses will be operating in general traffic lanes.   
According to Ernst (2005), the number of private vehicles is increasing very 
rapidly in Jakarta. One of the main reasons for this is rapid expansion of major roads. 
With congested TransJakarta buses, expansion of the road system has attracted higher 
and middle class people who can afford to own a car. In this situation, roads are 95 
percent occupied by private vehicles. By contrast, in Beijing, the shift of buses from 
the general traffic lane has caused extra burden on the BRT system. Planning needs 
to be made carefully, based on local circumstances and demand.    
In some cities, field trials were conducted before implementing BRT. Beijing 
and Ottawa are example of this (Deng and Nelson, 2013b; Al-Dubikhi and Mees, 
2010; James, 2008; Rathwell and Schijns, 2002). Because of field trials transport and 
urban planners, bus drivers and operators could recognise requirements for the BRT 
system and make changes in BRT planning accordingly. 
Previous operators’ experience should be taken into account when planning 
for the successful implementation of a BRT system. Unrealistic route planning not 
based on previous experience was the initial failure of TranSantiago. Eventually, 
Santiago’s initial planning deficiency reduced speed and increased dwell time of 
buses, which consequentially increased travel time for BRT buses (Hidalgo & 
Graftieaux, 2008b).  
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Route planning is very important to the success of BRT systems. Removal of 
existing bus routes from general traffic is an important decision. This factor has a 
direct impact on general traffic. In the case of TranSantiago, replacing all old routes 
with new routes resulted in failure, as old routes were quicker than the new routes 
(Hidalgo & Graftieaux, 2008b).  
In Jakarta, gradual implementation of TransJakarta was not accompanied by 
the restructuring of old bus routes (Hidalgo and Graftieaux, 2008a). The presence of 
95 percent of buses in general traffic in the initial stage, increased traffic congestion 
in Jakarta. Reduction of buses compensated the land space for BRT and reduced 
congestion in general traffic lanes. However, as discussed before, because of road 
expansion and the increased volume of cars, even a reduction of buses at a later stage 
did not reduce traffic congestion in general traffic lanes.  
Whereas, when BRT opened in Beijing, the project eliminated the need for 
300 standard buses per direction per hour in the corridor. In Beijing, the removal of 
bus routes from general traffic created a significant burden of overcrowding in 
vehicles and stations on the BRT systems. As a consequence, it has been suggested 
that removal of existing bus services should be made in stages. High ridership and a 
shortfall in the BRT fleet caused Beijing Transit Group (BTG) to restore 25 regular 
vehicles parallel to the busway during the peak hour (Darido, 2006).  
Lessons from Jakarta, Beijing and Santiago have revealed that restructuring 
existing routes has significant impacts on BRT and general traffic.  
Fare Structure 
Setting the fare structure is another important step in BRT planning. The fare 
should not be too low, or too high. An initial failure of TranSantiago was its fare 
structure, which was unattractive to passengers.  
TransJakarta is not a financially sustainable system. Low flat fares and 
Government subsidies have made the BRT system financially unsustainable. 
According to El-Amir (2012), during 2010, the cost recovery of the system was 
about 63% whereas in 2004 it was about 90%. The government also bears cost 
overheads of vehicles, station equipment and inclusions.  
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Beijing’s BRT system is another example of a financially unsustainable 
system as it has been developed as a social project, heavily subsidised by the 
government. To make the BRT system affordable to everyone, the government has 
kept the fare structure comparatively low. 
Flexibility 
BRT’s flexibility to be developed in phases, in operation, and in the 
availability of alternatives to constructing highway, are prominent reasons for its 
implementation in many cities.  
From the experiences of Bogota, Curitiba, Jakarta and Beijing, it is apparent 
that a phasing approach works very well. So these cities could eliminate the mistakes 
of one phase in later phases. 
In the case of Curitiba, the project was implemented in phase, not only in 
coverage, but also in implementing components (Lindau, Hidalgo and Facchini, 
2010b). Planners or leaders should not be as optimistic as to attempt to solve the 
citywide problems all at once. Implementing a city-wide BRT project all at once may 
not work well. For example, Santiago took this approach, which led to an 
unsuccessful project. The leaders and planners of Santiago wanted to solve the city 
wide transport problems all at once, which was not realistic. Initially the plan was to 
implement all elements of the system at once. However this became impractical, 
such that elements, which can be implemented separately, were extracted from the 
system. One of the main issues of implementing it at once was the cost of 
coexistence of both old and new systems. 
Implementation of BRT in phases can reveal what change is necessary to 
yield the maximum benefit from the system so that in the subsequent phases those 
changes can be made.  
Integration between Land Use and BRT  
For the success of BRT it is essential to integrate land use and transit. If BRT 
is constructed along low density areas then it will not have enough patronage to 
sustain the system and people will not benefit from it.  
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Curitiba’s BRT is a very good example of planning. Being constructed along 
the city’s structural axes and high density corridors, people can easily shop, work and 
use services. BRT sustains sufficient patronage to run cost effectively (Ardila-
Gómez, 2004; Diaz and Schneck, 2000; Duarte, Firmino and Prestes, 2011; Friberg, 
2000; Lindau, Hidalgo and Facchini, 2010a; URBS, 2013). 
In Ottawa, beyond integration between land use and BRT transit, one of the 
highest priorities was to attract sufficient patronage and to provide easy access for 
passengers to all employment centres that were constructed along the rapid transit 
facility (Rathwell and Schijns, 2002; James, 2008; Al-Dubikhi and Mees, 2010; OC 
Transpo, 2013).  
Integration BRT with Other Modes 
Integration of BRT with other modes makes transit convenient to use. In 
Bogota, integration between BRT and non-motorised transport (NMT) (mainly 
bicycle) made TransMilenio convenient to use for commuters. In Jakarta, BRT 
integration with commuter rail and local buses improves overall convenience of 
transit.  
However, in China, narrow bike lanes, lack of ample secure bicycle storage at 
BRT stations, and not allowing bicycles on board buses discourages bicycle usage, 
hence making BRT use inconvenient.  
3.4.3 Infrastructural Factor 
Some of the significant criteria to achieve infrastructural factors stated in the 
Figure 3.1 are discussed in this section. 
Features of BRT 
As discussed in section 3.1, the essential elements of BRT are running way, 
convenient station design and location, proper fare structure, and proper service and 
route planning. These elements have existed partially or fully from initial 
implementation in the systems of Curitiba, Bogota, and Jakarta. However, in 
Santiago, initially many elements were not present while many other elements were 
not properly designed. BRT should have been given mostly exclusive running way, 
     Review of Existing Bus Rapid Transit (BRT) Systems            53 
 
whereas in Santiago, buses mostly needed to share road space with private vehicles, 
which has reduced the speed of buses and increased travel times. After initial 
implementation, TranSantiago’s route structure was confusing and more time 
consuming than the previous system. During the initial implementation of 
TranSantiago, without the essential elements of BRT at the outset, many public 
transport users switched mode to private car.  
Priority treatments, such as overtaking lanes as well as automatic vehicle 
guidance, provide extra benefit to a BRT system. An absence of overtaking lanes 
may cause bus bunching at a station. Curitiba and Beijing are the examples of this. 
To alleviate this problem, in 2010, overtaking lanes were implemented on one of the 
BRT corridors in Curitiba. In Beijing the absence of overtaking lanes forces buses to 
wait for leading buses, which increases travel times.  
Curitiba’s BRT system lacks vehicle guidance and a communication system, 
which creates difficulty in controlling buses in case of emergency, such as bus break 
down or crash.  
Vehicle Characteristics   
Bus design is very important for a BRT system. Buses should have high 
capacity with adequate access. Initially, buses used on TransJakarta had only a single 
door for boarding and alighting, causing significant delay and overcrowding on the 
station and inside buses (Matsumoto, 2007). Eventually the bus fleet was changed, 
with vehicles having two or three doors. 
3.4.4 Social Factor 
Significant criteria to achieve social factor stated in the Figure 3.1 for BRT’s 
success is discussed in this section. 
Public Acceptance and Marketing BRT 
Public acceptance is another key requirement for the success of BRT. BRT 
needs to be marketed to the general public well ahead of opening, for people to 
understand it. In Bogota, at all stages during planning, implementation and 
construction, the public was educated about the progress of BRT and how it should 
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be used. Public participation in the project is essential. In the case of TranSantiago 
the public was not informed about it before it was ready to be launched, which made 
the system confusing and complicated to use. The advantages and disadvantages of 
the TranSantiago also were not communicated to the public clearly.  
The public also needs to actually use the system to understand it. Providing 
free service at the initial stage has proven to be a strong strategy. Bogota took this 
strategy, and Beijing and Jakarta followed later. 
Appearance and quality of BRT vehicles are also important, so that they are 
distinct from ordinary buses and provide the highest comfort available to passengers. 
To provide identity and branding, in Curitiba, buses are uniquely identified by route 
and function, while in Jakarta each corridor has separate coloured buses that make 
TransJakarta distinctive above others.  
In almost all cases, the images of stations are one of the most critical factors 
for public acceptance of BRT. Capacity of a BRT system relies mostly on station 
operation. Curitiba’s tube-like station created a state-of-the-art-image, making for 
one of its success factors. Stations should enable enough passengers to wait 
comfortably for buses without having safety and security concerns.  
In Ottawa, stations were designed in such a way that passengers are protected 
from harshly cold temperatures. Passengers’ convenience and the aesthetic value of 
stations were also of paramount importance to Brisbane’s system.  
By contrast, inadequate passenger capacity at stations has been challenging 
for TransJakarta. Ridership of TransJakarta has increased significantly in recent 
years. Stations were not designed to meet the prevailing passenger demand. 
However, the government of Jakarta is planning to upgrade stations with adequate 
passenger capacity. It promotes and markets its BRT system with car-free days in the 
city and fare-free days for BRT. Car-free days are usually held once in a month and 
aside from pedestrians and bicyclists, all motorised vehicles are prohibited on the 
roads. During any special day, such as during Jakarta’s 486th anniversary 
celebration, travel on TransJakarta is free for all passengers. 
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3.5  RANKING OF REVIEWED SYSTEMS  
As a key output of this study, each model city’s BRT system, which has been 
reviewed in this chapter, has been ranked in Table 3.1 on a three-star nominal rating 
scale. From the literature review it can be understood that some cities have fully 
adopted, some cities have partially adopted and some have not considered certain 
factors for BRT success. Where the criterion has been fully met, a three-star ranking 
has been assigned. Where the criterion has not been met, a one-star ranking has been 
assigned.  
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Table 3.1 Ranking Assigned in this study to Success of BRT Implementation in 
Model Cities 
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Institutional 
Strong administration capability  ⋆⋆⋆ ⋆⋆⋆ ⋆⋆⋆ ⋆⋆⋆ ⋆⋆⋆ ⋆⋆⋆ ⋆⋆⋆ 
Separate public agency for 
managing BRT 
⋆ ⋆⋆⋆ ⋆ ⋆⋆⋆ ⋆⋆⋆ ⋆ ⋆⋆⋆ 
Integration between different 
government organization and 
support from high official 
⋆⋆⋆ ⋆⋆⋆ ⋆ ⋆⋆⋆ ⋆⋆⋆ ⋆⋆⋆ ⋆⋆⋆ 
Top down approach where high 
officials proposed the plan 
⋆⋆⋆ ⋆⋆⋆ ⋆⋆⋆ ⋆⋆⋆	 ⋆	 ⋆	 ⋆⋆⋆
Flexible planning approach ⋆⋆⋆ ⋆ ⋆ ⋆ ⋆ ⋆⋆⋆ ⋆⋆⋆ 
Planning and 
Design 
Phasing approach ⋆⋆⋆ ⋆⋆⋆ ⋆ ⋆⋆⋆ ⋆⋆⋆ ⋆⋆⋆ ⋆⋆⋆ 
Integration between land use and 
BRT 
⋆⋆⋆ ⋆⋆⋆ ⋆ ⋆⋆⋆	 ⋆⋆	 ⋆⋆⋆ ⋆⋆
Integration of fare between trunk 
and feeder routes 
⋆⋆⋆ ⋆⋆⋆ ⋆ ⋆⋆⋆ ⋆⋆⋆ ⋆⋆⋆ ⋆⋆⋆ 
Off Vehicle fare Collection ⋆⋆⋆ ⋆⋆⋆ ⋆ ⋆⋆⋆ ⋆⋆⋆ ⋆ ⋆⋆⋆ 
Initial free service ⋆ ⋆⋆⋆ ⋆ ⋆⋆⋆ ⋆⋆⋆ ⋆ ⋆ 
Infrastructure 
Station with overpasses ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆⋆⋆ 
Distinctive BRT buses ⋆⋆⋆ ⋆⋆⋆ ⋆ ⋆ ⋆⋆⋆ ⋆ ⋆ 
Social Public awareness increase ⋆⋆⋆ ⋆⋆⋆ ⋆ ⋆ ⋆ ⋆⋆⋆ ⋆⋆⋆ 
‘⋆⋆⋆’=Fully Considered, ‘⋆⋆’=Partially Considered, ‘⋆’=Not Considered 
3.6  CHAPTER SUMMARY 
In this chapter, Curitiba, Bogota, Santiago, Jakarta, Beijing, Ottawa and 
Brisbane’s BRT systems were reviewed in detail. Curitiba is the first city that 
implemented BRT. Curitiba’s strong success made other cities in the world want to 
follow its path. Bogota and Curitiba’s BRT systems are the core of sustainable urban 
transport development for these cities. TranSantiago’s initial failing in its BRT 
project teaches us that BRT should not be a highly ambitious project. Initial citywide 
BRT implementation and incomplete infrastructure lessened public acceptance of 
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BRT in Santiago. Political instability and an absence of strong administrative set up 
was the reason for failure of BRT in Santiago. However, political leaders in Santiago 
showed their administrative skill in overcoming the initial failure issue, by 
announcing various combative measures and implementing those. Jakarta and 
Beijing have implemented BRT in phases and this has meant successful BRT 
implementation in Asia. For Brisbane and Ottawa, station design has given 
importance to aesthetics and passengers’ comfort.  
Overall, the success factors of BRT can be divided into four broad categories: 
institutional factors, planning and design factors, public acceptance factors, and 
infrastructural factors. These success factors are interrelated to each other and among 
them, institutional factors are the most important. In the case of lack of institutional 
capacity, other success factors cannot be achieved.  
The challenges and opportunities of the BRT system in Dhaka will be 
discussed in Chapter 9, based on the findings from this chapter. The analysis and 
exploration will give an indication about the strategies Dhaka should follow and the 
necessary changes for successful BRT implementation in Dhaka.  
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Chapter 4: Theoretical Background of 
Mode Choice Modelling  
 
The aim of the research is to investigate whether Bus Rapid Transit (BRT) will be 
acceptable to commuters in a developing country’s megacity if a high quality service 
is provided, and to determine the challenges that may be faced when implementing 
BRT. To achieve that aim, this research will use mode-choice modelling to 
investigate the likely success, or otherwise, of BRT in a developing country’s 
megacity.  
 
This chapter starts by comparing different approaches to mode-choice 
modelling and then discusses disaggregate mode choice model specification and the 
reasons behind choosing the mode-choice model for this research. The 
methodologies to test goodness of fit, hypothesis testing, and predictive ability of the 
model are also discussed.  
 
An overview of Revealed Preference (RP) (i.e., actual travel scenario) and 
Preferred Mode Selection (PMS) surveying (i.e., hypothetical travel scenario) will be 
discussed in Chapter 5. The modelling framework and the process of model 
development with RP data will be discussed in Chapter 7. Model development with 
PMS data will be discussed in Chapter 8. 
4.1 COMPARISONS OF DIFFERENT APPROACHES OF MODE CHOICE 
MODELLING  
There are two basic approaches to mode choice modelling: a) aggregate and 
b) disaggregate (Koppelman & Bhat, 2006).  
 
Aggregate transport models are either based on observed travel behaviour for  
groups of travellers, or on-average behaviour at a zonal level (Khan, 2010). 
Disaggregate mode-choice modelling uses individual or household information on 
observed choice behaviour of travellers for model calibration (Almasri & Alraee, 
2013, Khan, 2010). Aftabuzzaman, Murumachi, Harata, and Ohta (2010), Almasri & 
Alraee (2013), Badoe (2002), Chang & WU (2005), Enam (2010), Khan (2010), 
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Khandker M (2012); Koppelman & Bhat (2006), and Palma and Rochat (2000) 
adopted the disaggregate modelling approach.  
 
In this research, the disaggregate approach has been adopted for the following 
reasons:  
 
 This research’s main aim is to investigate the uptake of BRT by 
commuters in Dhaka for their work trip (Section 1.4 discussed 
research aim and objectives). Therefore, it is important to understand 
why a commuter decides to choose a specific mode. For example, for 
some commuters, cost may be the reason to choose a mode, whereas 
some commuters choose a mode for comfort. A disaggregate analysis 
approach can answer reasons for an individual’s preference to choose 
a mode based on their personal circumstance.  
 
Aggregate analysis approach cannot achieve the objective of this 
research, as it is not based on the individual’s personal circumstances, 
rather primarily on statistical associations among relevant variables at 
a level other than that of the decision maker. As a result, it cannot 
answer reasons for the individual’s preference for a mode choice.  
 
 For this research, it is important to understand whether or not 
commuters’ mode-choice decisions change when their personal 
circumstances, such as, age, income, and educational qualification 
change. This kind of information is important for this research, as it 
will help to ascertain whether BRT uptake would change with 
commuters’ age or educational qualification. Through a disaggregate 
analysis approach it will be easy to predict a mode-choice decision 
when commuters’ personal circumstances change. On the contrary, 
by aggregate analysis it is not possible.  
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4.2 DISAGGREGATE MODE CHOICE MODEL SPECIFICATION 
In disaggregate mode choice model, utility function of alternatives is 
specified by Equation 4.1.  
 
ܷ௠ ൌ	 ݅ଵݓଵ ൅ ݅ଶݓଶ ൅ ⋯൅ ݅௡ݓ௡ ൅ ܧ௠         Eq. 4.1
where, 
ܷ௠ =   utility of alternative ݉ 
݅ଵ, ݅ଶ,…	݅௡=   attributes 
ݓଵ, ݓଶ,…	ݓ௡=  weights of the associate attributes 
 ܧ௠=   error term 
 
In Equation 4.1 "݅ଵݓଵ ൅ ݅ଶݓଶ ൅⋯൅ ݅௡ݓ௡" is the observable component of 
utility function and ܧ௠ is the unobservable or random component. When ܷ௠ among 
utilities of all other modes is the maximum, then mode m will be selected by an 
individual. As the error term is unobservable and unknown, an assumption is taken 
for model formulation that it is random variable with a known population 
distribution. This leads to the random utility formulation. As the error term is a 
random variable, the whole utility function becomes a random variable and direct 
comparison of utilities of different modes cannot be possible. Therefore, probabilities 
of alternatives are calculated and the alternative with the maximum probability is 
usually chosen. The probability of choosing alternative m by individual i can be 
expressed by Equation 4.2. This is called mode-choice probability. 
 
௜ܲ௠ ൌ ݁ݔ݌ ሺܷ௠ሻ∑ ݁ݔ݌ሺܷ௫ሻ௝௫ୀ௜
 
                                 
Eq. 4.2 
Where,  
 
௜ܲ௠=  probability that individual i select mode m among alternatives m 
              and k (ܹ݄݁݊	݉ ് ݇ሻ 
ܷ௠=    utility function of mode m for individual i 
1,2,…m,….j= available alternatives  
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Mode-choice modelling can be specified based on the distribution of the error 
term. Specification of a mode-choice model depends on following (Viton, 2014):  
 
1. How the systematic component of utility depends on the observable 
characteristics. Usually it is assumed that the systematic component depends 
linearly on the characteristics.  
 
2. Distribution of the random variable or error term. Different distributional 
forms of error terms specify the mode choice model into Logit, Probit and 
Mixed Logit (ML) model. If the error term is normally distributed, then it is 
called a probit model. Gumbel distribution of error term defines the mode-
choice model as logit model. In the ML model, the error term is divided into a 
correlated term (which can take any distribution) and an uncorrelated term 
(which can take a Gumbell distribution). Besides these three model 
specifications, a few other specifications of mode-choice models include the 
General Extreme Value Model and Tobit and Ordered Logistic Model. 
Detailed mathematical descriptions of different types of mode-choice model 
are provided in Ben-Akiva and Lerman (1985).   
 
Multinomial Logit (MNL), Nested Multinomial Logit (NL) and ML models 
have been adopted for this research. MNL, NL and ML models are discussed in the 
following section.    
4.2.1  Multinomial Logit Model (MNL)  
 
If the available alternatives are greater than two, then a model is termed as a 
MNL model. To overcome the limitation of correlated modes, a MNL Model also can 
be formed as a nested MNL model like a nested binary logit model. Equation 4.3 
expresses the calculation of probability for a MNL model for the case where the 
scaling parameter is equal to 1.0. Equation 4.3 is only true if the scaling parameter is 
1.0. Otherwise, Equation 4.3 should include a scaling parameter multiplied by the 
systematic utility v.  
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ܲݎሺ݅ሻ ൌ ݁ݔ݌ሺݒ௜ሻ݁ݔ݌ሺݒଵሻ ൅ ݁ݔ݌ሺݒଶሻ ൅ ݁ݔ݌ሺݒଷሻ ൅ ⋯൅⋯൅ ݁ݔ݌ሺݒ௜ሻ ൅ ⋯ .൅݁ݔ݌൫ݒ௝൯ 
  Eq. 4.3 
Where,  
ܲݎሺ݅ሻ=   probability of choosing an alternative ݅ 
ݒ௜=       utility function for alternative ݅ 
1, 2, 3, ……… j=  available alternatives 
 
One of the important properties of the simple MNL model is Independence of 
Irrelevant Alternatives (IIA). IIA property means that the ratio of the probabilities of 
choosing any two alternatives is independent of the availability of attributes of other 
alternatives (Ben-Akiva & Lerman, 1985; Chen, Liu, & Li, 2013; Hensher et al., 
2005; Koppelman & Bhat, 2006; Train, 1978a).  
 
The IIA property greatly facilitates estimation and forecasting, particularly in 
the situation of a new alternative being introduced. Estimation of the choice model 
can be performed on the alternatives available before the new alternative is 
introduced. Therefore, forecasting the demand for a new alternative can be 
accomplished before the alternative is actually introduced. Then, forecasting can 
proceed with an expanded choice set consisting of the old alternatives plus the new 
one.  
Equation 4.4 demonstrates the IIA property of MNL model (Hensher et al., 
2005).  
			 ௡ܲ൫ሺ݅|ܿ௡ሻ൯
௡ܲ൫ሺ݇|ܿ௡ሻ൯ ൌ
݁ݔ݌ሺݒሻ௜
݁ݔ݌ሺݒሻ௞ 
       Eq 4.4 
Where, 
 
௡ܲ൫ሺ݅|ܿ௡ሻ൯=  probability of person n choosing alternative ݅ among ܿ௡ set of       
                        alternative    
௡ܲ൫ሺ݇|ܿ௡ሻ൯=  probability of person n choosing alternative ݇ among ܿ௡ set of  
  alternative 
ሺݒሻ௜i=  utility function of i ሺݒሻ௞=  utility function of k 
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Equation 4.4 considers the ratio of the probability of person n choosing 
alternative i to that of choosing alternative k, given that set Cn of alternatives is 
available. This ratio is constant for any Cn that contains i and k (including, of course, 
the set containing only i and k) and any attributes of alternatives (except i and k) in 
Cn. 
The limitation of IIA property is that it imposes a restriction on the structure 
of choice probability. If the choice probabilities are not independent, then imposing 
IIA property on them may not be appropriate. However, McFadden and Domencich 
(1975) considered that the IIA property is tenable in homogeneous populations. 
According to Ben-Akiva and Lerman (1985), if the population is not significantly 
heterogeneous, then the MNL model shows its best performance. Another restriction 
of IIA property is its incapability of handling random preference discrepancies and 
incapability of determining the correlative factors with longitudinal data (Chen et al., 
2013). In the NL model, the limitation of IIA, property is overcome by allowing 
correlation among the relevant alternatives.  
4.2.2 Mixed Logit Choice Model (ML) 
 
The ML model is the generalisation of the MNL model that considers 
heterogeneity among individuals. Heterogeneity can be considered in the ML model 
by including varying parameters across individuals. The ML model is a flexible 
model that does not exhibit Independent and Identically Distributed (IID) alternatives 
(i.e. alternatives are not dependant on each other). In the ML model, the error term 
that is unobserved by the individuals is divided into two parts; one part is correlated 
over alternatives and heterogenic, while the other part is IID over alternatives. The 
correlated error term can take any distributional form, such as normal, lognormal, 
triangular and uniform. The uncorrelated error term has a gumbel distribution over 
the alternative. Equation 4.5 estimates the utility of the ML model.  
௜ܷ௧௤ ൌ ߚ௤ ௜ܺ௧௤ ൅ ൣ݊௜௤ ൅ ߝ௜௤൧       Eq. 4.5 
Where, 
௜ܷ௧௤ =  the utility of i alternative in t choice for q individual 
௜ܺ௧௤=  a vector of explanatory variables observed by the analyst  
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ߚ௤=  the weight of the explanatory variables 
݊௜௤=  a random error term that can take any distributional form and is  
             correlated over the modes  
ߝ௜௤=   is an error term that has gumbel distribution over the alternative 
 
4.3 COMPARISON OF MODE CHOICE MODELS 
Table 4.1 compares logit (logit model includes MNL, NL), probit, general 
extreme value and ML models.  
Estimation and model formulation of the MNL model is simpler than the 
other models. Even though the MNL model is simple, its main limitation is its IIA 
property. However, in the NL model, limitations of IIA can be overcome.  
The probit, ML and general extreme value models overcome IIA limitation by 
allowing correlation among the alternatives. However, this makes probit, mixed logit 
and general extreme value models’ estimation and formulation more complex than 
the logit model.   
The feature of the data collected for this research showed that a complex 
modelling approach, such as probit, or general extreme value model, is not needed 
for this research (Chapter 5 discusses an overview of survey sample). Therefore, it 
was decided to use the logit model as the analysis tool for this research. In this 
research, the MNL model has been adopted for model development (Chapter 7 and 
8). However, initially different logit modelling methodologies, such as MNL, NL and 
ML models were investigated with RP data. The choice of model depends on the 
characteristics of the data. With the exception of the MNL model, none of the 
modelling methodology turns out appropriately. The NL model is more appropriate 
when the choices are interdependent and somewhat correlated (Hensher et al., 2005). 
Choices - car, bus, PPT (rickshaw and CNG) and walk - that are used to develop the 
model with RP data are independent of each other, so the NL model will not be 
appropriate. Choice bus is the mode that includes access mode also. PPT is the mode 
that is used solely for travelling to destinations. Car and walk are not dependent in 
any modes. The mixed logit (ML) model is more appropriate with panel data where 
repeated responses have been asked from the same individuals and responses have a 
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chance to be correlated, being from the same individual. Therefore, the ML model 
will be more appropriate for the Stated Preference (SP) survey, where respondents 
were asked for several responses. However, the PMS survey for this survey is 
conducted in a non-traditional way where respondents provided only one response 
(Section 5.8). As the choices for PMS survey model (bus, BRT, car and personalised 
transport, and walk) are not dependent on each other, none of the modelling 
approaches, except the MNL model, turns out to be appropriate for the SP model.  
 
Table 4.1 Comparison of Mode Choice Model 
Criterion Logit Model Probit Model General 
Extreme Value 
Model 
Mixed Logit 
Choice 
Model 
Form Extreme Value 
Distribution 
Normal 
Distribution 
Multivariate 
Extreme Value 
Distribution 
Can take any 
distribution 
form, such 
as normal, 
lognormal, 
triangular, 
and uniform 
Error Term Error term 
should 
necessarily be 
identically and 
independently 
distributed 
across 
alternatives 
Error term need 
not  necessarily 
be identically 
and 
independently 
distributed 
across 
alternatives 
Error term need 
not  necessarily 
be identically 
and 
independently 
distributed 
across 
alternatives 
Random 
error term 
can take any 
distributional 
form.  
Model 
Formulation 
Simple Complex Complex Complex 
Model 
Estimation 
Simple Complex Complex Complex 
Introduction 
of Access 
Modes 
Model 
formulation 
complex 
Model 
formulation 
highly complex 
Model 
formulation 
highly complex 
Model 
formulation 
highly 
complex 
Application High Limited Limited Limited 
Accuracy High Low Low High 
Source: Khan (2010), Almasri and Alraee (2013),Chen et al. (2013), Viton (2014) 
4.4 STATISTICAL TEST OF MODEL SIGNIFICANCE 
There are many statistical tests of model significance. Common statistical 
tests include percent of predicted choice, Log Likelihood Ratio, pseudo R2, and test 
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of T statistics (Enam, 2010; Hensher et al., 2005; Hensher & Alsnih, 2003; Liu, 
2006; McFadden & Domencich 1975; McFadden et al., 1977; Ortúzar & Willumsen, 
2011; Talviti, Dehghani, & Anderson, 1982; Train, 1978a; Tushara et al., 2013; 
Viton, 2014). However, before conducting a statistical validation, a judgmental test, 
such as sign of parameters and differences in alternate specific variables among the 
alternatives, should be conducted (Hensher et al., 2005; Koppelman & Bhat, 2006; 
Ortúzar & Willumsen, 2011). Section 7.1.3 will discuss estimated coefficients and 
Sections 7.2 will discuss model validation for the model developed with RP data. 
Section 8.2 will discuss estimated coefficients and Section 8.3 will discuss model 
validation for the model developed with SP data.  
4.4.1 Predictive Capability 
 
For this research, mode share will be predicted from the calibrated model. To 
test the model’s predictive capability, predicted mode share and actual mode share 
will be compared. This research used sample enumeration and segmentation 
approach for comparison.  
According to Train (2003) sample enumeration is the most straightforward 
and popular approach, by which the choice probabilities of each decision maker in a 
sample are summed, or averaged, over decision-makers. For example a sample of N 
decision-makers, labeled n = 1, . . . , N, is drawn from the population for which 
aggregate statistics are required. Each sampled decision maker n has the weight w୬ 
associated with him that is the inverse of the probability P୧୬ of n to choose alternative 
i from a set of alternative. If the sample is purely random, then w୬ is the same for all 
n; and if the sample is stratified random, then w୬ is the same for all n within a 
stratum. A consistent estimate of the total number of decision-makers in the 
population who choose alternative i, labelled   Nన෢, is simply the weighted sum of the 
individual probabilities, 	Nన෢ ൌ ∑w୬P୧୬. The average probability, which is the 
estimated market share, is  Nన෢ Nൗ  . 
According to Train (2003) when the number of explanatory variables is small, 
and those variables take only a few values, it is possible to estimate aggregate 
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outcomes by segmenting sample into different homogeneous character instead of 
utilizing a sample of decision-maker. If the researcher has data on the number of 
people in each segment, then the aggregate outcome variables can be estimated by 
calculating the choice probability for each segment and taking the weighted sum of 
these probabilities. The number of people estimated to choose alternative i is, 
Nన෢ ൌ ∑wୱP୧ୱ, where P୧ୱ is the probability that a decision-maker in segment s chooses 
alternative i, and wୱ is the number of decision-makers in segment s. 
 
In section 7.2.2 and 8.3.2 models’ validity will be discussed by comparing 
actual and predicted mode share. However, the actual mode shares in your RP and 
PMS models are different. In RP model actual mode share is actually mode 
respondents are using for their work trip and in PMS model actual mode share is 
their preferred mode share in the PMS survey. In the PMS model actual mode share 
is stated as preferred mode share to overcome any confusion arise due to 
terminology. Two approaches will be used. In the first approach, a utility function 
will be applied to each individual and their probability of mode share will be 
calculated with their actual variable. In the second approach, the utility function will 
be applied for homogeneous groups of workers, with their average values. 
McFadden, Talvitie et al. (1977) used an approach similar to the second. In this 
research, Root Mean Square Error (RMSE) values obtained from different 
homogenous group commuters’ model application will be compared with the RMSE 
value obtained from the literature review. 
4.4.2 Log Likelihood Ratio Test 
 
The base model (i.e. constant only model) represents the average utility for 
each of the alternatives. Log Likelihood Ratio (-2LL) test is the comparison of LL 
function of the choice model at convergence and LL function of base model (i.e. 
constant only model) to determine the model significance. If the LL function of the 
fitted model (i.e. model that includes variables) has an improved statistical measure 
over the base model, it is considered to be a significant model. If an estimated model 
does not improve the LL function in comparison to the base model, even after adding 
more variables, then it can be said that adding additional variables does not add to 
the predictive capability of the base model (Hensher et al., 2005).. Hensher et al. 
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(2005) provided equation to calculate the -2LL value. Equation 4.6 calculates the -
2LL value.  
െ2ܮܮ ൌ െ2ሺܮܮ஻ െ ܮܮாሻ         Eq. 4.6 
Where,  
െ2ܮܮ= Log Likelihood Ratio 
ܮܮ஻=  Log Likelihood Function for base model  
ܮܮா=  Log Likelihood Function for model at convergence 
To determine whether the model at convergence is superior to its related base 
model, the -2LL value obtained is compared to a critical Chi Square statistic with 
degrees of freedom equal to the difference in the number of parameters estimated for 
the two models, assuming that sample size will remain constant (Hensher et al., 
2005). For example, if the base model has five parameters and estimated model has 
six parameters, then -2LL value has to be compared with Chi Square statistics with 
one degree of freedom. Chi square value will depend on expected level of 
confidence. The critical Chi square value with one degree of freedom at 95% 
confidence level is 3.841. If the -2LL value is higher, the null hypothesis that the 
specified model is not better than the base model can be rejected.  
This research will use Maximum Likelihood Estimation (MLE) for mode 
choice model development. Statistical tests of model fit commonly associated with 
Ordinary Least Square (OLS) regression, such as F statistics, cannot be used with 
MLE mathematical formulation (Hensher et al., 2005). As a result, -2LL test, which 
is compatible with MLE, will be used to determine the significance of the model. To 
determine model significance, the Log Likelihood Ratio test is widely used by many 
researchers. Almasri and Alraee (2013); Garrow (2010); Khan (2010); Liu (2006); 
Madan & Groenhout (1987) have adopted the Log Likelihood Ratio test to test the 
significance of their models.  
4.4.3 Pseudo Rho Square (Pseudo R2) Value 
 
The Pseudo Rho-Squared (Pseudo R2) measures the goodness of fit for choice 
model. The Pseudo R2 measures the improvement of models comparing the constant 
only model (Koppelman & Bhat, 2006). It is the ratio of the distance between the 
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reference model and the estimated model divided by the difference between the 
reference model and a perfect model. The equation 4.7 calculates Pseudo R2 value 
(Koppelman & Bhat, 2006).  
ܴଶ ൌ ܮܮ஻ െ ܮܮ௘ܮܮ஻  
       Eq 4.7 
Where,  
ܴଶ=   Pseudo R2 
ܮܮ஻=  Log Likelihood for Base Model  
ܮܮ௘=   Log Likelihood for Estimated Model  
 
 Pseudo R2 of a choice model is not exactly the same as the R2 of a linear 
regression model (Hensher et al., 2005). The reason for difference is the non-linear 
nature of a choice model. However, the values of both linear R2 and Pseudo R2 lie 
between 0 and 1. A value of zero implies that the model is no better than the 
reference model, whereas a value of one implies a perfect model; that is, every 
choice is predicted correctly. McFadden and Domencich (1975) and Hensher et al. 
(2005) provided a direct empirical relationship between Pseudo R2 and Linear R2. 
Figure 4.1 illustrates the mapping of the relationship between Pseudo R2 and Linear 
R2.  
Pseudo R2 is widely used to assess the goodness of fit for its intuitive 
formulation (Koppelman & Bhat, 2006). Almasri and Alraee (2013); Badoe (2002); 
Dandy (1981); and Enam (2010) have used pseudo R2 for assessing model 
significance. There are some limitations of Pseudo R2:  
1) No definite acceptable value of Pseudo R2, and  
2) Pseudo R2 value improves with any variable added in model.   
 
Regarding the first limitation, McFadden et al. (1977) stated that Pseudo R2 
of 0.3 represents a decent model fit for a discrete choice model. Ortúzar and 
Willumsen (2011) stated that a Pseudo R2 of 0.4 (Linear 0.8 from figure 4.1) reflects 
an excellent model fit. Dissanayake and Morikawa (2002), and Jovicic & Hansen 
(2003) also stated Pseudo R2 between 0.4 and 0.6 reflects an excellent model fit.  
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Regarding the second limitation, variables should be added logically while 
considering other statistical measures. For example, adding an access distance 
variable for car mode is illogical even though it improves Pseudo R2 value.  
 
 
             Source: Reproduced from Hensher et al. (2005) 
Figure 4.1 Mapping the Pseudo R2 to the Linear R2 
4.5 ELASTICITY 
Elasticity is defined as the measure of response to change in attributes. 
Choice probability is a function of attributes. Elasticity is a unit-less measure that 
describes the relationship between the percentage changes for an attribute (i.e. an 
attribute of an alternative or the Social Demographic Characteristics (SDC) of a 
decision maker) and the percentage change in the quantity demanded (Wallis & 
Schmidt, 2003).  
 
The elasticity can be divided into four types: Point Elasticity, Shrinkage 
Ratio, Midpoint Elasticity and Arc Elasticity (Lago, Mayworm, & McEnrow, 1981). 
Point, Shrinkage Ratio, Midpoint and Arc Elasticity are calculated by Equations 4.8 
4.9, 4.10, and 4.11, respectively.  
 
ߝ௣௧ ൌ ݀ܳ݀ܵ .
ଵܵ
ܳଵ 
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ߝ௦௥ୀ ܳଶ െ ܳଵܳଵ ൊ
ܵଶ െ ଵܵ
ଵܵ
ൌ
∆ܳ ܳଵൗ
∆ܵ
ଵܵൗ
 
      Eq. 4.9 
ߝ௠௜ௗୀ ܳଶ െ ܳଵܳଵ ൅ ܳଶ2
ൊ ܵଶ െ ଵܵ
ଵܵ ൅ ܵଶ2
       Eq. 4.10
ߝ௔௥௖ୀ ݈݋݃ ܳଶ െ ݈݋݃ܳଵ݈݋݃ ܵଶ െ ݈݋݃ ଵܵ  
     Eq. 4.11 
Where,  
ܳଵ=  Initial level of ridership 
ଵܵ=  Initial revel of services  
ܳଶ=  Level of ridership after changes have occurred 
ܵଶ=  Level of services after changes have occurred  
 
It is very important for policy formation to understand how the mode choice 
decision changes after changes of one attribute occurred. Goodwin (1992) stated that 
“Demand elasticities are, in general, rather crude and approximate measures of 
aggregate responses in a market. However, demand elasticities have the great 
attractions of being empirically estimable, reasonably easily understood, tested by 
experience, and directly usable for policy assessment.” For example, increasing the 
fare of buses will decrease the mode share of buses. Therefore, bus fare policy can be 
assessed by the elasticity value of different travel and socio demographic attributes to 
understand modal share of change with the increasing bus fare.   
 
Elasticity can be either direct elasticity or cross-elasticity (Hensher et al., 
2005). For example, direct elasticity measures percent change of probability of an 
alternative for one percent change of an attribute of that alternative. Cross elasticity 
measures the change of probability of other alternatives for percent change of those 
attributes.  
 
Sample elasticity can be calculated by the three approaches (Hensher et al., 
2005): 
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1. Utilise the sample average of attribute and average estimated probability  
2. Probability Weighted Sample Enumeration (PWSE), which means calculating 
elasticity for each individual and weight individual elasticity by the decision 
maker’s associated choice probability. 
3. Naïve pooling, which means calculating elasticity for each individual but not 
weighting each individual elasticity by the decision maker’s associated choice 
probability.  
For this research, the PWSE method has been used for calculating elasticity. 
According to Louviere, Hensher, and Swait (2000) using sample average (approach 
1) and naïve pooling (approach 3) are not advisable. Approach 1 to calculate the 
MNL model is not appropriate as the MNL model has a nonlinear nature, which 
means the estimated logit function need not pass through the point defined by sample 
averages. Louviere et al. (2000) stated that this method overestimates elasticity by 
about 20%. The naïve pooling approach is not advisable on the grounds that it fails to 
recognise the contribution to the choice outcome of each alternative. As the PWSE 
method weights each individual decision maker differently, non-uniform cross 
elasticity will be produced (Hensher et al., 2005). Section 7.3 discusses elasticities of 
different attributes for models developed with RP data and Section 8.4 discusses 
elasticities of different attributes for model development with SP data.  
 
Elasticity values are classified by their magnitude and the positive or negative 
signs refer to increase or decrease of the respective modes respectively for change of 
price (Litman, 2013). Absolute elasticity value of 1.0 is referred as “perfectly 
elastic”, meaning that price changes cause proportional consumption changes. 
Elasticity of absolute value less than 1.0 is relatively inelastic, meaning that prices 
cause less than proportional consumption changes. Elasticity of absolute value 
greater than 1.0 is relatively elastic, meaning that price changes cause more than 
proportional consumption changes. For example, both 0.5 and –0.5 values are 
considered inelastic because their absolute values are less than 1.0, while both 1.5 
and –1.5 values are considered elastic, because their absolute values are greater than 
1.0.  
 
 
 
     Theoretical Background of Mode Choice Modelling            73 
 
4.6  ELASTICITY FOR OTHER CITIES 
 
Many elasticity values of travel time and travel cost of different modes, 
published and unpublished, are available from research on other cities (BITRE, 
2014). Elasticity values obtained from this research will be compared with elasticity 
value from European, North American and Australian cities to understand the 
uniqueness of travel behaviour of a developing country’s megacity, like Dhaka. 
However, elasticity values for personalised public transport (PPT) are not available 
for developed countries’ megacities, because such mobility options are unique 
features of a city like Dhaka.  
 
BITRE (2014) provides a comprehensive dataset on transport elasticity. 
Elasticities obtained by other researchers are usually provided in three ways; short 
run (less than two years), medium run (within five years), and long run (more than 
five years). According to Goodwin (1992) and Litman (2014), the long term impact 
would be twice the short term impact. Therefore, comparative analysis between short 
run elasticity from this research and other cities will still provide indication of 
uniqueness of travel behaviour in a developing countries’ major megacity.   
 
Balcombe et al. (2004) reported the impact of different factors on public 
transport in the context of the UK. More specifically, elasticity of in-vehicle time for 
bus ranges from -0.4 to -0.6.  
 
Dargay et al. (2002) compared transit elasticity between England and France 
from 1975 to 1990, and found that income rise did not negatively impact French 
people’s decision to use public transport, whereas it did impact English people’s. 
Dargay and Hanly (2002) analysed demand for local bus service in England. They 
used a dynamic econometric model (separate short-run and long-run effects) of per 
capita bus patronage, per capita income, bus fares and service levels. Their research 
found that commuters are relatively fare sensitive with wide variation of elasticity.  
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Deb and Filippini (2013) determined elasticity values for 22 Indian states 
over the period from 1990 to 2001. Their research found that for all states, public 
transport demand is inelastic with respect to fare.  
 
Goodwin (1992) produced average elasticities based on studies in the UK and 
Europe. His research found that price impact will increase over time. Therefore, short 
run impact will always be less than long run.  
 
The Hague Consulting Group (1999) discussed the impact of car travel cost 
and car travel time mainly for European cities in the report conducted for the Trace 
project. Their research found that a 10% change in car time has a bigger impact on 
trips and kilometres than a 10% change in car cost. Research findings also suggest 
that the short term elasticities of car kilometres are more or less 50% of the long run 
counterparts. 
 
Hensher and Louviere (1998) drew on a 1994 data set collected in six 
Australian capital cities to estimate a series of commuter mode choice models in the 
presence and absence of two 'new' alternatives (light rail and busway systems), to 
derive matrices of direct and cross point elasticities for travel cost and travel time. 
Their research found that constraining the variance of the unobserved effects to 
varying degrees tends to over-estimate the elasticities sufficiently to distort the real 
behavioural sensitivity of specific attributes influencing choice. 
 
Tsai, Mulley, and Clifton (2014) identified public transport demand elasticity 
for Sydney, Australia. The research findings suggest that the public transport demand 
elasticity of price in Sydney is −0.22 in the short run and −0.29 in the long run.  
 
Wallis and Schmidt (2003) updated and re-examined transport demand 
elasticity from Australia and New Zealand.  
 
The literature review suggests that there are many sources that produce 
original elasticity for different modes and many sources that compile elasticity from 
others’ research. Table 4.2 lists the elasticity of travel time and in-vehicle travel time. 
Table 4.3 lists the elasticity of travel cost for different cities. Table 4.4 lists the 
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elasticity of waiting time for different cities. However, no study was found that 
provides comparison of impact of travel factors, such as travel cost, travel time and 
waiting time between developed and developing countries’ megacities. This research 
will provide a significant contribution to knowledge by providing a comparison 
between developed and developing countries’ megacities travel in the context of 
Dhaka city (Section 7.3 and 8.4).  
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Table 4.2 Direct and Cross Elasticity of Travel Time and In-Vehicle Travel 
Time of Various Modes from Other Studies 
City relevant to study or 
project 
Attribute Direct 
Elasticity 
value 
Cross 
Elasticity  
Chicago1 
 
Rapid Transit Travel 
Time 
–1.51  
Montreal1 
 
Bus and rapid rail in 
vehicle travel  time 
-0.27  
Australia2   BRT travel time –0.857  
Australia and New Zealand3 Bus in-vehicle travel 
time 
-0.50  
Karachi city in Pakistan Based 
on study of Thorbani (1984) 4 
Bus in-vehicle time -0.77 
 
Car 0.03
PPT 0.17 
Walk 0.06 
Chicago city 5 Bus in-vehicle time -1.10  
San Francisco 5 Bus in-vehicle time From -0.46 to -
0.60 
 
Minnepolis5 
 
Bus in-vehicle time -0.52  
Chicago1 
 
Bus travel time –3.03  
East Bay San Francisco1 Bus in vehicle travel 
time 
–0.46 
 
Car 0.15 
Australia and New Zealand3 Car in-vehicle travel 
Time 
Short run -0.3  
Long run -0.6 
 
Karachi city in Pakistan Based 
on study of Thorbani (1984) 4 
Car in-vehicle time –0.04 
 
Bus from 0.01 
to 0.02 
Great Britain4 Car in-vehicle time Car  -0.44  
Europe3 Car in-vehicle time Short run -0.62 
Long run   -
0.41 
 
Dutch 
National 
 Model 1 
Car in-vehicle time Short run -0.39 
Long run  -
0.58 
Bus: 
Short run 0.18 
Long run 0.16  
 
Italian national 
model1 
Car in-vehicle time Short run -0.54 
Long run -0.56 
Bus  0.22 
Model for 
Brussels 1 
Car in-vehicle time Short run -0.23 
Long run -0.26 
Bus:  
Short run 0.38 
Long run 0.37 
Chicago1 
 
Car Travel Time -0.64  
Minneapolis5 Walk travel time -0.26 for work 
trip 
-0.14 for non-
work trip 
 
Source: 1Hague Consulting Group (1999);  2Hensher & Louviere (1998); 3Wallis and Schmidt (2003); 
4BITRE (2014); 5Lago et al. (1981)  
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Table 4.3  Direct and Cross Elasticity of Travel Cost of Different Modes 
from Other Studies 
City  Attribute Direct Elasticity  Cross Elasticity  
Chicago1 Rapid transit 
travel cost 
–0.17  
Australia 2 BRT fare –0.573  
Study on 
Leeds City3   
Public 
Transport 
travel cost 
-0.65 
 
Car 0.14 
Walk 0.56 
Study on 
Dortmund City  
3 
Public 
Transport 
travel cost 
-0.58 
 
Car 0.12 
Walk is 0.23 
Study on 
Tokyo City3  
Public 
Transport 
travel cost 
-0.03 
 
Car 0.09 
Walk 0.09 
Study on UK 
and Europe 4 
Bus fare cost  Short run -0.28  
Long run -0.55 
 
Study on 
Australia 1 
Bus fare cost -0.29  
Chicago 1 Bus travel cost -0.16  
Study on 
Australia 5 
Bus fare cost From -0.18 to -0.22
 
Car 0.1 
UK City 6 Bus Cost  Short run from -0.2 to -0.3 
Long run from -0.4 to -0.6 
 
UK City 7 Bus Cost  Short run  -0.4 
Long run -1.0 
 
Sydney 8 
   
Public 
Transport Fare 
–0.15 Car 0.173 
Sydney9  Public 
Transport cost  
Short run -0.22 
Long run -0.29 
 
Study on 
Leeds City3 
car travel cost -0.29 
 
Walk 0.06 
Public transport 0.31 
 
Study on 
Dortmund 
City3 
car travel cost -0.23 
 
Walk 0.41 
Public transport 0.4 
Study on 
Tokyo City3 
car travel cost -0.06 
 
Public transport 0.03
Walk 0.03 
Chicago 1 Car travel cost  –0.28  
Sydney8 
 
Car cost –0.094 
 
Bus  0.08 
Source: 1Banister, Cullen, and Mackett (1991); 2Goodwin (1992); 3Luk and Hepburn (1993); 4Booz 
Allen & Hamilton (2003); 5Hague Consulting Group (1999); Hensher & Louviere (1998); 6Dargay and 
Hanly (1999); 7Balcombe et al. (2004) ; 8Taplin, Hensher, and Smith (1999);  9Tsai et al. (2014) 
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Table 4.4 Direct Elasticity of Wait Time of Public Transport 
City  Attribute Direct Elasticity 
Montreal 1 Bus and Rapid 
Rail  
-0.54 
 
San 
Francisco1 
Bus  From  -0.17 to -0.19 
Minneapolis  1 Bus  Work trip  - 0.32 
Non-work trip is -0.21 
Source: 1Lago et al. (1981) 
 
4.7 CHAPTER SUMMARY  
Sign of parameters, judgement of estimated parameter values, and ratio of 
pairs of parameters are informal tests that can be used to determine the overall 
significance of the model. Percent of predicted choice, log likelihood ratio and 
pseudo R2 statistical tests are common statistical tests that researchers have adopted 
to test model significance.   
 
This research adopts a MNL model for developing the model. The theoretical 
background in this chapter provides a strong foundation for model development with 
RP and SP data. Chapter 7 will discuss the model result with RP data and Chapter 8 
will discuss the model result with PMS data.  
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Chapter 5: Exploratory Analysis 
and Presentation of 
Survey Data 
 
A multinomial Logit (MNL) choice model was chosen to investigate the 
potential uptake of BRT in Dhaka. A survey was conducted to collect data to 
calibrate the MNL model. The target population of this survey is workers in Dhaka.  
 
This survey was divided into two parts, a Revealed Preference (RP) survey 
(actual travel scenario) and a Preferred Mode Selection (PMS) survey (hypothetical 
travel scenarios). Both contained limited demographic questions such as: age, 
income, and education. Both surveys were conducted between October 2011 and 
December 2012. This chapter starts by describing the overview of the RP survey 
design, implementation strategy and characteristics of survey data. Later in the 
chapter, mode-shares cost, distance and time for work trips, and reasons behind 
commuters’ choice of transport modes for the work trip under the current scenario 
are discussed. This chapter closes by describing the PMS experiment for the purpose 
of mode choice model development with PMS data for this research. 
5.1  OVERVIEW OF RP SURVEY 
 
In the RP survey, respondents were asked how they usually travelled to work, 
travel time, travel cost, and any problems they faced while travelling to the work 
place. None of these questions was mandatory. The questionnaire was explained to 
the respondents and a consent form was completed. Participation was voluntary. 
Respondents gave their responses at their most convenient time, which included the 
flexibility to take the questionnaire home to complete. Respondents were also 
advised of the Queensland University of Technology (QUT) ethical clearance, 
obtained for this survey. 
 
Glasow (2005) stated that survey questions should be consistent with the 
level of the education of respondents. Therefore, the survey was written in simple 
Bangla, which is easiest for most respondents to understand, as well as in English.  
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The required completion time for the RP survey was 10 minutes. Appendix 1 
provides the questionnaire for the RP survey.  
5.2  SURVEY DESIGN AND IMPLEMENTATION STRATEGY 
Survey research is used to answer questions that have been raised, to solve 
problems that have been posed or observed, to assess needs and set goals, to 
determine whether or not specific objectives have been met, to establish baselines 
against which future comparisons can be made, to analyse trends across time, and 
generally, to describe what exists, in what amount, and in what context (Glasow, 
2005). According to Pinsonneault and Kraemer (1993), survey means gathering 
information about the characteristics, actions, or opinions of a large group of people.  
 
The survey design is the methodology that is used to select the samples from 
the population. It describes the approach used to select the sample, procedure to 
select the sample size, and choice of media through which the survey will be 
conducted.   
 
Figure 5.1 illustrates a flow chart of the survey implementation process of 
this research. 
 
According to Israel (1992), Wang & Fan (1998), and Watson (2001), the main 
steps of a survey are: determine objective of survey, select sample, determine sample 
size, determine survey medium, prepare questionnaire, and develop strategy to 
handle risk. These steps of this survey are discussed in the following sections.  
5.2.1  Objectives of the Survey 
 
The aim of this research is to determine the factors that will be important for 
commuters to choose Bus Rapid Transit (BRT) for their work trip. Therefore, the 
prime aim of the survey was to determine the important factors of BRT for the work 
trip of commuters. To achieve that aim, the main objectives of the RP survey were: 
1. to determine the modes that commuters in Dhaka are currently using 
for their home based work journeys, and 
2. to determine current expenditure on home based work journeys. 
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5.2.2  Selecting Samples for the Survey 
 
The main population of the survey was the workers in Dhaka. Therefore, the 
unit of analysis was workers rather than their employers. The criteria for sample 
selection were broad representation of:  
1. Commuters who travel to work by public transport, 
2. Commuters who travel to work by private car, 
3. Commuters who travel to work by walk, 
4. Commuters who travel to work by motorcycle, 
5. Commuters who travel to work by paid staff buses, 
6. Both male and female commuters, 
7. All age commuters (usually from 18 to 70), and 
8. Commuters from a variety of locations. 
Considering social class difference (discussed in section 2.2.3 and 2.2.6), the 
sample of this survey was divided into two categories:  
a) Respondents who were engaged in general service work, and  
b) Respondents who were engaged in domestic assistant or chauffeur work.  
 
a) Respondents engaged in general service work 
Respondents engaged in their general service work were contacted through 
their employer with the approval of their job supervisors. The organisations were 
selected randomly from the Bangladesh Business Directory (T-Series Solutions, 
2010). A three-stages cluster random sampling technique was adopted for sample 
selection (Salkind, 2010). In the first stage, to cover a wide range of workers, Dhaka 
was divided into four zones. In the second stage in each zone, several organisations 
were selected randomly. Organisations employing fewer than or equal to two 
employees were excluded from the list. In the third stage, employees were selected 
randomly.  
 
 To reduce the error, employers/organisations were randomly selected from 
the following categories, based on their start and finish time:  
a. Private and public offices (usually start and finish at definite time) 
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b. Schools (start and finish time is different than the offices) 
c. Factories (usually varying start and finish time) 
d. Bank (usually workers in banks work till late evening) 
e. Retailers (usually open between 9 and 10 am and closed between 10 and 11 
pm) 
The responsible authority at each employer was contacted by email, phone or 
from personal visit, and with their consent, respondents were given RP and SP 
questionnaires.  
 
Respondents who travel by free staff buses were excluded from the survey 
because it is considered that their travel would not differ after any improvement in 
the transport system.  
b) Respondents engaged in domestic assistant or chauffer work 
In Dhaka, a wide range of people are employed as domestic assistants or 
chauffeurs. Domestic assistants are predominantly female. These people were mainly 
from a low income background, have very limited educational qualification and 
predominantly reside in low socio-economic neighborhoods, colloquially termed 
‘slums’. The slums from each zone were selected randomly and the respondents from 
slum areas were also selected randomly. These workers were contacted personally as 
they are not represented by employers.   
5.2.3 Survey Sample Size 
 
According to Wang and Fan (1998) a sample should represent the quality of 
the whole population. If the population size is small the whole population may be 
surveyed without any sampling errors (Watson, 2001; Israel, 1992). However, when 
population size is large it is not possible to survey the whole population. A 
representative sample must be selected for survey.  
 
To cover all types of modes, a large sample size (912) was selected for the RP 
survey, from which 888 samples were acceptable, and for the SP survey 466 samples 
were selected.  
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5.2.4 Survey Response Rate  
 
Response rate measures how many respondents actually participate in a 
survey, so it is very important for sample size determination. A strategy should be 
adopted to increase the response rate, such as direct contact, multiple contacts, and 
involvement of the institution doing the survey.   
 
The response rate for the RP survey was 97% and for the PMS survey 91%. 
The reason for these high response rates is that this research involved direct contact 
with all samples. The sample varied from highly educated to less educated people. 
Highly educated people were given flexibility to complete the survey at a time of 
their convenience. Those who are less educated were requested to respond to the 
survey in the presence of the surveyor.  
 
Non-response occurred when the questionnaires were given to a participant to 
complete the survey at their most convenient time. However, even though 
respondents were given flexibility, PMS scenarios (Section 5.8 discusses the PMS 
scenario and PMS experiment process) were always explained to them. On many 
occasions when respondents were contacted the following day to collect the 
questionnaire, they expressed that they were not interested in taking part in survey. 
For those who did not complete questionnaire because of lack of understanding, 
more explanation was provided on the questionnaire.  
5.2.5 Survey Medium of the Survey 
 
A paper-based survey medium was chosen for its simplicity and convenience 
for face-to-face interaction. With internet usage still infrequent in Dhaka, web based 
surveying was not a feasible option. Survey by telephone was also not feasible due to 
high time and cost requirements.  
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5.2.6  Risk Management Strategy  
 
The following strategies were developed to manage risks associated with the 
survey:  
 
1. One of the risks associated with this survey was time loss for workers. To 
reduce work hour lost, respondents were contacted during their most 
convenient time or during the hours when they had less work than normal 
hours.  
 
2. All data collected was securely held in personal files and personal 
computer and during data release, the names of respondents and their 
home and work locations were removed to maintain confidentiality.  
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  Figure 5.1 Flow Chart of Survey Implementation Process 
5.3  CHARACTERISTICS OF RP SURVEY DATA 
 
Table 5.1 lists the characteristics of the survey data. Among 888 respondents, 
564 (64%) were male and 324 (36%) were female. According to the World Bank, in 
Dhaka, women represent 33 percent of the labour force (The World Bank, 2007). 
Percentages of male and female respondents of this survey closely resembled that 
data. The percentage of female workers is half of the percentage of male workers, 
which reflects the conservative society in Dhaka, where male and female workers’ 
work opportunities differ. 
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Survey data shows that the highest frequency of respondents’ age range is 26-
35 years, followed by 36-45 range. This indicates that the predominating work force 
ranges from age 26 to 45 years, comprising 65 percent of the total. The Bangladesh 
Government has scheduled a retirement age of 60. With the exception of some 
private offices, most employers do not employ workers aged above 65. Comparison 
of survey data with the age profile from Central Intelligence Agency (CIA) World 
Fact (CIA, 2014) shows a similar frequency distribution, although there is some 
difference as survey data represents only the work force, while the CIA World Fact 
represents the total population.   
 
In the Strategic Transport Plan (STP) (2004), Dhaka’s population was divided 
into three income categories (Section 2.2.6 discussed STP) (The Louis Berger Group 
& Bangladesh Consultants Ltd, 2004). According to STP, most people (96%) in 
Dhaka fall into the low and medium income groups. Using the same income 
categories, data from the current survey also closely reflects this, although the higher 
income proportion is slightly higher, which is at least partially attributable to 
inflation.  
 
The majority of respondents of the survey had at least a basic, primary school 
level of education. However, postgraduate education has the maximum percentage of 
respondents among all education categories.  
 
The main mode of transport for the journey to/from work place was bus with 
walking or rickshaw passenger as the main access modes. Other prominent modes for 
the work trip are rickshaw, car and auto-rickshaw (i.e. CNG that use natural gas as 
fuel or mishuk that use petrol as fuel.) Because of the small percentages of the latter, 
in this research all mishuk will be merged with CNG. The survey data showed that 
about 24 percent of commuters walk to their work place. Laguna, battery operated 
CNG (made illegal by the government), tempo, and motorcycles are also used for the 
work trip. However, survey data showed that very small percentages (about 5% 
altogether) of users use these modes for their work trip. Therefore, these modes have 
been aggregated into the “other” category. Comparison of modal share with STP data 
shows that except car mode, percentages of modal share of other modes are similar.  
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Table 5.1 Percentage of Survey Data across Demographic Characteristics 
Demographic Characteristics Percentage Comparison of Survey data with 
Other Sources  
Gender Male 64 67 1, 75 4 
 Female 36 33 1 , 31 4 
Age 18-25 20 28 2 
 25-54 76 56 2 
 56-65 3 9 2 
 65 above 1 7 2 
*Income Low (<12,500 BDT  or A$<180) 41 45 
3 
 Middle (12,500 BDT-55,000 BDT or A$180-A$785)  45 51 
3 
 High (>55,000 BDT or >A$785)  14 4 3 
Education No certificate  22  
 Primary  14  
 Secondary   5  
 Higher Secondary  7  
 Graduate  23  
 Post Graduate  28  
 No answer  1  
Modal 
Share  
Bus 
Car 
Rickshaw 
CNG 
Walk 
Other 
46 
8 
15 
2 
24 
5 
Transit 37 3  
Motorised non  transit 25 3  
Rickshaw 25 3  
Walk 37 3 
*Income is in per month 
Source: 1 The World Bank (2007); 2CIA World Fact (2011); 3The Louis Berger Group and Bangladesh 
Consultant Ltd (2004); 4BBS Labour force Survey (2010) 
5.4  AVERAGE COST, DISTANCE AND TIME FOR WORK TRIP  
 
Figure 5.2 compares cost and time of the various modes for the journey from 
home to work, and subsequent return trips. 
 
The survey result shows that the average distance travelled by workers for 
both the “home to work trip” and the “work to home trip” is 6 km. On average, 
commuting workers spent 77 min travelling from home to work and 73 min from 
work to home. Across all trips, the average cost of each “home to work” and “work 
to home” trip is 32 BDT (A$0.38).  
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The average car home to work journey distance is 8 km. In Appendix 2, the 
parametric comparison of different modes showed that average trip length for car is 
10 km. Therefore, workers’ average work trip distance by car can be supported by the 
average journey distance for the whole city, as there is no significant difference 
between the two. The average journey from both “home to work” and “work to 
home” travel time is about 60 min. Car users spent 100 BDT (about A$ 1.20) on 
average for their journey for each of the “home to work” trips and “work to home” 
trips. As the respondents’ response reflected the 2011 scenario, average cost for car is 
currently higher than the average car cost listed in the Appendix 2.   
 
On average, CNG/Mishuk workers commuting by CNG/Mishuk experienced 
a slightly greater distance at 9 km for their journey from home to work, while they 
spent more time at 99 min on their journey from home to work and 82 min for their 
return journey. Workers’ average travel distance for CNG can be supported by an 
average trip length of 8 km by CNG, provided in Appendix 2. This higher travel time 
is caused by a combination of a slightly longer average distance, lower in-vehicle 
travel speed, and the burden of high waiting time for CNG. Travelling by CNG is 
very expensive and is unaffordable for many people. On average, CNG users spent 
119 BDT (A$ 1.4) for the journey from home to work and 124 BDT (A$ 1.5) for 
their return journey.   
 
Rickshaw travel is very expensive in Dhaka. Workers tend to use rickshaw for 
commuting short distances, on average travelling 4 km by rickshaw over 50 min and 
spending 40 BDT (A$ 0.47), all on a one-way basis. Appendix 2 lists that the average 
trip length by rickshaw is about 4.8 km. Therefore, workers’ average travel distance 
in this survey and average trip length by rickshaw is almost the same.  
 
The average commuting distance is 8 km for those whose main mode is bus. 
Appendix 2 lists that the average trip length by bus in Dhaka is between 14 km and 
16 km for all trips. The bus mode is the cheapest in Dhaka, however travel time is the 
longest. On average, bus users spent 105 min for the journey from home to work and 
110 min for their return journey. Bus users spent on average about 26 BDT (A$ 0.28) 
for both home to work and work to home trips.  
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Most low income people who stated that they cannot afford any other mode 
of transport, walk on average 4 km for one way travel, with an average travel time of 
about 45 min.  
 
 
 * A$1= 57 BDT (approx.)http://coinmill.com/AUD  BDT.html#BDT=7) 
Figure 5.2 Comparison of Cost and Time for Car, CNG, Rickshaw, Bus, 
Walk and Other Modes 
5.5  IMPACT OF SOCIO-DEMOGRAPHIC CHARACTERISTICS ON 
WORK TRIP 
5.5.1 Age Impact  
 
Figure 5.3 illustrates the modal distribution of work trip by age group for the 
survey data. Results show that young workers usually walk or use a bus for their 
work trip. Very insignificant proportions of workers use “other” modes (i.e., tempo, 
taxi, shared CNG). Workers tend to use more convenient modes with their increased 
age. Maximum modal share is bus for workers between age 18 and 25. Rickshaw, 
CNG and car use increases with age. Understandably, on the contrary, walk mode 
share decreases with age. Bus mode share is the highest across all age groups aside 
from 0-17. As the worker’s age increases, so too does their income and the ability to 
spend more on transport.    
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Figure 5.3 Modal Distributions by Different Age Groups of 
Commuters for the Work Trip 
5.5.2  Income Impact  
 
Figure 5.4 illustrates the income distribution (per month) of respondents by 
gender from the survey. Chapter 6 will discuss more detailed analysis of gender 
issues in the work trip. 
 
 
Figure 5.4 Distribution of Income Range by Male and 
Female Respondents 
 
Figure 5.5 illustrates mode of transport by income group. Low income earners 
are dependent on cheap modes of transport, whereas those who are high income 
earners rely on more comfortable, more expensive transport options such as car and 
CNG. Chapter 7 discusses MNL model results revealing the impact of income on 
commuters’ work trip mode choice. 
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Figure 5.5 Mode of transport for Different Income Range 
Commuters for Work Trip 
5.5.3  Education Impact  
 
Figure 5.6 shows the education background of the respondents by income 
range. Even though education may not have an explicit effect on people’s mode 
choice, it directly influences their income, which in turn affects their mode choice. 
Figure 5.6 shows that respondents with higher income range had higher educational 
background and conversely respondents with limited educational background were in 
the lower income range. Most respondents who are from a limited educational 
background could not afford to enjoy transport options such as car and CNG, instead 
relying on walking or bus for their work trip Chapter 7 will present a more detailed 
analysis of education impact on workers’ mode choice.  
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Figure 5.6 Percentage of Education Distribution with 
Different Income Range 
5.6  CHALLENGES TO COMMUTERS FOR THEIR WORK TRIP  
5.6.1 Bus Users’ Concerns 
 
Figure 5.7 illustrates bus users’ concerns over their work trip. About 35 percent 
of bus users stated that overcrowding was the main problem they faced while making 
their work trip. Some stated that sometimes buses were so overcrowded that they 
were passed by.  
 
Another concern was lack of availability of seats, which is related to bus 
overcrowding. 
 
About 8 percent of bus users stated that the bus fare was too high for the 
service and distance they travelled.  
 
Some female bus users stated the attitudes of male co-passengers and drivers 
were poor. Some also complained of occasional harassment from male passengers.  
 
 “… Sometimes we don’t even get into buses. In spite of availability of seats, 
the bus helper tells that there is no room inside the buses. They push us so that we 
cannot get into the buses.”  
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Occasionally bus helpers do not want to board more female passengers because 
crowded conditions make isolation from male passengers difficult. Meanwhile, the 
Government of Bangladesh has ruled that 12 seats on each bus must be reserved for 
female passengers (Rahman, 2010). However, respondents stated that many times 
these seats are occupied by male passengers.  
  
 
Figure 5.7 Concerns stated by Bus Users over their Work Trip 
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5.6.2  Car Users’ Concerns 
 
Figure 5.8 illustrates car users’ concerns over their work trip. Poor road 
condition, traffic mismanagement (i.e., traffic signal, inadequate parking facility), 
and traffic congestion were the most dominant ones.  
 
 
Figure 5.8 Concerns stated by Car Users over their Work Trip 
5.6.3  Rickshaw Users’ Concerns 
 
Figure 5.9 illustrates rickshaw users’ concerns over their work trip. About 40 
percent of rickshaw users stated that they were paying a high fare compared to the 
distance travelled. Among other problems faced by rickshaw users, poor road 
condition, unavailability of alternative less expensive modes, less supply of 
rickshaws than demand were the significant. Rickshaw users’ common concern was 
banning rickshaw use from certain roads without prior instruction and without 
implementing alternate modes. They stated that sometimes without any prior 
instructions, suddenly the government does not allow rickshaws to enter into some 
roads; this not only causes a hassle but also increases their travel time as then they 
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have to take different routes or have to wait for different modes of transport. 
Especially females and elderly persons stated that banning rickshaws from certain 
roads makes their work trip problematic.  
 
 
Figure 5.9 Concerns stated by Rickshaw Users over their Work Trip 
5.6.4  CNG Users’ Concerns 
 
Figure 5.10 illustrates concerns CNG users stated over their work trip. The 
CNG ride is much more competitive than other modes in Dhaka because of two 
reasons. First of all, the supply of CNG is very limited compared to demand and 
secondly, sometimes CNG drivers do not wish to travel to commuters’ desired 
destinations. If they agree to go, also they ask for unrealistic fares. There is no 
control on fare structure and implementation of rules is seldom seen.  
 
0 20 40
Not comfortable
Not easily available
Rickshaw puller do not want to go
Vehicle not good
Have to Wait long time for rickshaw
No consistency of fare
No regulation on fare
Rickshaw pullers attitude is not good
Not healthy, Boring Tiring
safety
Secuirity
Not enough rickshaw to meet the demand
No other mode available
Road Condition is bad
Travel time is more
Fare is high
Percentage
     Exploratory Analysis and Presentation of Survey Data            96 
 
 
Figure 5.10 Concerns stated by CNG Users over their Work Trip 
5.6.5 Walkers’ Concerns 
 
Figure 5.11 illustrates concerns that walkers stated over their work trip. The 
main problems stated by walkers were poor road condition and less space to walk on 
footpath. Sometimes roads are broken everywhere, having manholes without any 
covers and rubbish piled beside roads, all of which give walkers unnecessary trouble. 
Walking on these types of roads takes excess time and causes accidents.  
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Figure 5.11 Concerns stated by Walkers over their Work Trip 
5.7  MODE CHOICE FACTORS FOR THE WORK TRIP 
 
As an open question, respondents were asked the reasons for choosing a 
particular mode. Respondents stated the list of reasons for choosing and not choosing 
a particular mode for their work trip. Table 5.2 lists the reasons of respondents for 
choosing different modes. Table 5.3 lists the characteristics of different modes based 
on responses from respondents.  
 
In Section 5.4, modal percentages of workers showed that maximum modal 
share is bus followed by walk, and that modal share of CNG and rickshaw are very 
small. Figure 5.12 illustrates the average modal share of workers based on different 
reasons to choose modes. From the Figure 5.13 it can be concluded that maximum 
chosen modes (about 85%) are least/ no cost, least/no comfort, and higher travel 
time. Therefore, low cost is the main mode-related factor of mode-choice decision 
for the maximum percentage of commuters in Dhaka. This is justifiable for a city like 
Dhaka, where the majority of commuters fall into low and middle income ranges 
with limited affordability to choose an expensive, more comfortable mode.  
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Table 5.2 Respondents’ Responses for Choosing a Mode and for not 
choosing a Particular Mode 
Mode Reasons for Choosing 
a Mode 
Reasons for Not Choosing a Mode 
Bus Less cost Overcrowded, Waiting time is high, Total travel time is 
significantly high 
CNG Flexible, less time 
consumption 
Not safe, not secure, high cost 
Ricksh
aw 
Cheap option shorter distance Not safe, not secure, high cost compared to mode 
Car Convenient, comfortable High cost to own, operate and maintenance 
Walk No cost Not comfortable 
Other Cheap Not comfortable 
 
Table 5.3 Characteristics of Different Modes 
Reasons Mode 
No cost, Flexible, No comfort1, More time, physical exercise Walk 
Less Cost, No comfort, More time Bus, Rickshaw 
High Cost, High Comfort, Flexible, Less Time Car 
High Cost, Flexible, Less Time CNG 
  1 Safety and security also included in comfort 
 
 
 
Figure 5.12 Percentage of Mode Share Based on Different Reasons 
5.8 OVERVIEW OF PMS EXPERIMENT 
The use of Stated Preference (SP) experiments is very popular in transport 
analysis, and other areas such as marketing, geography, regional science and tourism 
(Yang, 2009). Similar to SP survey, a PMS survey has been conducted in this study to 
understand commuters’ attitudes toward BRT for the work trip, as BRT is not in 
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operation in Dhaka. In the section 5.8.1 the difference between traditional SP survey 
and non-traditional PMS survey is discussed. Information collected from the RP 
survey was used to prepare the questionnaire for the PMS survey. For the PMS 
survey, a hypothetical situation with 16 work trip scenarios was given to 
respondents. Limited demographic questions, such as age, gender, income and 
educational qualification were also asked in the questionnaire. PMS survey 
objectives and survey design process for this research are discussed in the following 
section: 
5.8.1 Objectives of PMS Survey 
 
PMS survey objectives are: 
 
1. To find out the importance of BRT attributes, such as time, cost, and comfort 
to Dhaka workers, and 
2. To find out uptake of BRT by workers in Dhaka 
5.8.2 PMS Survey Process 
 
Figure 5.13 illustrates the design and experimental process of the PMS survey 
that was followed for this research. 
 
 
Figure 5.13 PMS Survey Design and Experimental Processes  
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STAGE 1 Analysis of RP Survey Data 
 
RP survey data was analysed for existing travel behaviour of commuters’ 
work trips in Dhaka. RP survey data provided information on the following:  
1. Existing modal alternative for workers (section 5.3) 
2. The travel time and travel cost of workers’ work trip (section 5.4)  
3. The problems workers are facing during work trip (section 5.6) 
4. The factors of mode-choice decisions (section 5.7) 
STAGE 2  Alternatives for PMS Survey 
After analysing the first survey data, workers’ mode-choice alternatives for the 
work trip are identified as follows:  
a. Going to bus stand from home by walk and also going to work place from bus 
stand by walk or rickshaw 
b. Going to bus stand from home by rickshaw and also going to work place 
from bus stand by rickshaw 
c.  Going to laguna stand (laguna is a human hauler, like a microbus, having 
seating capacity  from 8 to 15) from home by walk and also going to work 
place from bus stand by walk or laguna 
d. Going to bus stand from home by laguna and also going to work place from 
bus stand by laguna 
e. Rickshaw is usually available from doorstep of home 
f. CNG is usually available from doorstep of home 
g. Taxi  
h. Shared CNG 
i. Shared Car 
 
From the RP survey analysis and practical knowledge of the researcher, some 
insignificant modes were excluded from the PMS survey. A significantly smaller 
percentage (about 5%) of commuters used taxi, shared CNG, and shared car for work 
trip. Therefore, these modes have been excluded from the PMS survey. For the 
hypothetical scenario, the respondents were given 16 travel choices with seven 
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modes: Walk-BRT-Walk (WBW), Walk-BRT-Rickshaw (WBR), Rickshaw-BRT-
Rickshaw (RBR), Rickshaw, CNG, car and walk and all BRT consist of four levels. 
STAGE 3  Attributes for PMS Survey 
Attributes important for a work trip have been identified from analysing RP 
survey data and also from the literature review (Aftabuzzaman et al., 2010; Enam, 
2010). Section 5.7 discussed reasons for choosing modes for the work trip. Cost of 
travel modes for work trip was the reason stated by respondents, mostly for choosing 
their mode for work trip followed by travel time. Again respondents stated the reason 
for not choosing their preferred mode is because that mode was not affordable for 
them. In Section 5.6, problems of different mode users have been discussed. Section 
5.7 discusses the mode-choice factors for different modes. The current scenario 
without BRT has been specified in the PMS survey, to make the hypothetical 
scenario more realistic, easily understandable and comparable by respondents.  
In the PMS survey, BRT has been specified with four different comfort 
levels: average, good, better and best. For WBW, WBR and RBR, BRT travel cost, 
travel time and comfort levels will be similar for each level, for different mode 
choice options. Level 1 was assigned as the lowest quality BRT treatment, with only 
basic bus stand improvements over the present bus mode. Travel cost and travel time 
of different mode-choice options will vary because of the access mode (i.e., walk 
does not cost anything but rickshaw will cost). It is anticipated that with BRT 
implementation, overall transport conditions will be improved and this will reduce 
overall journey time and cost, even in a general traffic lane. However, rickshaw, 
CNG and walk have presented travel cost and travel time only with one level. Table 
5.4 lists the description of BRT comfort and service levels and Table 5.5 lists mode-
choice options from which participants had to choose one.  
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Table 5.4 Different Levels of BRT for the PMS Survey 
BRT 
Comfort 
Level  
Travel time 
(minute) 
Comfort 
1  
(Average) 
10% reduction 
of current bus 
travel time (*)  
 
 no fans, narrow bus doors and no proper seat 
 level boarding  
 narrow bus doors  
 basic bus stands with shelters  
 crowded conditions but no service denials  
 headway 25 min 
2  
(Good) 
20% reduction 
of current bus 
travel time (*)  
 
 No fan, wide doors and no proper seat  
 level boarding 
 wide doors 
 very basic bus stand with shelter  
 headway 20 minutes 
3  
(Better) 
30% reduction 
of current bus 
travel time (*)  
 
 have fans  
 proper seating and standing arrangement  
 no stairs, wide doors  
 moderately crowded  
 security camera and emergency phone  
 headway 15 minutes 
4  
(Best) 
40% reduction 
of current bus 
travel time (*) 
 
 air conditioning, wide doors, proper seat 
 low lying, no stairs  
 security camera, emergency phone passenger 
information system 
 headway 7 minutes 
*Current average bus speed 116 kph, current average bus cost 2 0.02 A$/km 
1 personal observation and assumptions from the survey responses and literature review. 
2Bangladesh Road Transport Authority (BRTA)   
 
Table 5.5  Mode Choice Option in the PMS Survey 
Mode BRT Comfort Level1 Travel Time (min) Travel Cost (BDT)
2 
WBW 
1 49.5 5 
2 44 10 
3 38.5 12 
4 33 16 
WBR 
1 45 25 
2 40 32 
3 35 33 
4 30 36 
RBR  
1 40.5 46 
2 36 50 
3 31.5 54 
4 27 57 
Rickshaw  35 82 
CNG  17 165 
Car  14 310 
Walk   45 0 
1 Refer Table 5.4 for the description of different BRT comfort level, A$1= 56 BDT Approximately  
2Travel Cost means Out of Pocket Cost 
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     STAGE 4  Statistical Design and PMS Survey Experiment Process 
 
In the traditional SP survey design, each respondent is presented with a series 
of orthogonally or efficiently designed experiments having two or more alternatives, 
and for each experiment they are asked to choose only one of the alternatives (Hess 
& Ross, 2009; Sanko, 2001).  
 
This research adopted a non-traditional approach, where each respondent was 
presented with one experiment, having all of the 16 alternatives listed in Table 5.5 for 
the reasons elaborated below.  
 
One reason for taking this approach was the need for the surveyor to present 
the survey to some respondents in an interview setting; explaining PMS experiments 
to participants was very time consuming. Specifically, hypothetical experiments were 
explained to the respondents individually and as realistically as possible using the 
BRT card survey instrument (Appendix 3). Also, Figure 5.14 illustrates the 
comparison between travel time and travel cost of different mode choice options in 
the PMS survey. Sometimes surveyors had to survey the same employment 
organisations for several days. Moreover, many respondents have a poor educational 
background. As PMS survey is a new concept even for respondents who have a 
higher educational qualification, it was challenging for many respondents to 
understand the PMS survey. Therefore to reduce the cognitive burden and overall 
workload, only one PMS experiment was presented, because providing several 
hypothetical experiments would have caused more confusion among respondents.  
 
Another related reason for taking this approach was to obtain more reliable 
PMS data. Compared with RP, information contained in PMS is generally less 
reliable. According to Ortúzar and Willumsen (1994), the main limitation of the PMS 
survey is that it cannot be totally ensured that respondents will behave as perceived 
during the study. To obtain PMS data in Dhaka as reliably as possible, two strategies 
were implemented: on the one hand, the choice context was designed to be as 
realistic as possible. More specifically, a hypothetical situation in which they live 5 
km distance away from their home, was given to them. The current travel cost and 
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travel times were also stated to them as realistically as possible, in order for them to 
understand what travel change they are going to face for different modes once BRT is 
implemented. Therefore, it was easy for them to compare different travel scenarios if 
they lived 5 km away from their work place. On the other hand, as previously 
discussed, to reduce confusion and workload, they were given 16 hypothetical travel 
scenarios and chose one among them, instead of being given several experiments 
with several scenarios; as Sanko (2001) pointed out, too many experiments with too 
many scenarios would lead respondents to experiencing fatigue in carrying out the 
PMS exercise, so increasing the response error.  
 
One consequence of this non-traditional PMS survey design is the large 
number of alternatives. However, Hess & Ross (2009) stated that respondents can 
adequately deal with a larger number of alternatives, but that unnecessarily 
restricting the number of alternatives may in fact make the surveys too simplistic and 
transparent, while also bearing little resemblance to real life scenarios. Bilemere 
(2009) also argued the same and found that respondents can handle 1 to 25 choices in 
an PMS experiment. According to Bilemere (2009) rather than more experiments in 
number, the important matter is how much information each experiment provides in 
terms of the trade-offs that respondents are required to make. 
 
Meanwhile, this approach of PMS survey design may lead to fewer variations 
in the PMS data. As the choices were given altogether, most respondents chose BRT 
as their preferred modal option. Therefore, significant attributes for other modes are 
difficult to understand. If the choices were given as several choice sets, then there 
would have been more choice sets with different combinations of modes. However, 
as the scope of this research is to investigate the uptake of BRT, this limitation can be 
overlooked.  
 
The strategy to select the sample is similar to the RP survey, which is discussed 
in section 5.2. The PMS Survey was conducted during business hours, taking 
approximately 30 minutes per respondent as the survey was explained to each 
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respondent. This time constraint for access to survey subjects in their workplace also 
necessitated a non-traditional survey approach. 
 
 
Figure 5.14 Different Mode Choice Options in the PMS Survey 
 
5.9  WORKERS’ ATTITUDE TOWARD BRT  
Along with demographic question, the survey respondents were asked an 
open question before the PMS survey was conducted, as to whether they wanted BRT 
to be implemented in Dhaka. If they agreed that BRT should be implemented in 
Dhaka, then they offered to take part in the PMS survey. If not, they were asked to 
state why they did not want BRT in Dhaka. Among the respondents, 10 percent were 
against or in doubt for implementing BRT.  
The main reasons given by workers against BRT are categorised in Table 5.5. 
A higher percentage of respondents stated that because they have doubt in the 
government’s willingness to implement BRT, they have a negative attitude toward 
BRT. The second highest percentage of respondents stated administrative difficulty 
for their negative attitude toward BRT.  
 
 
$0.00
$0.50
$1.00
$1.50
$2.00
$2.50
$3.00
$3.50
$4.00
0 20 40 60
T
ra
ve
l C
os
t (
$A
)
Travel Time in Motion (min)
Car
CNG
Rickshaw
Rickshaw-BRT-
Rickshaw
Walk-BRT-
Rickshaw
Walk-BRT-Walk
Walk
     Exploratory Analysis and Presentation of Survey Data            106 
 
Table 5.5 Workers Response for Non-Accepting BRT 
Category  Percentage Responses 
Less Effectiveness 10 As I believe with existing roads if govt spares some roads or 
lanes for BRT other vehicles will lose their scope of driving in a 
wide roads. 
 I don't think BRT will be effective for Dhaka  
 I think it won't be a better option and cannot be possible in 
Dhaka 
 BRT is not possible for Bangladesh. 
Inadequate 
Infrastructure 
5 I don't think it is possible to implement BRT because of 
inadequate infrastructure and overcrowding at road. 
 Infrastructure won't allow BRT to be in operation successfully. 
Administrative 
Difficulty  
15 Whole system and administrative setup have to be changed.  
Government’s 
Willingness 
70 Government has no positive attitude to change the situation.  
Government has no willingness to change and improve the 
situation.   
I think BRT is not going to change the chaotic transportation 
system in Dhaka because Government has no interest in change.  
Government corruption and other political issues will fail the 
BRT system.  
I don't have trust in the government. 
Government is corrupted therefore it is not possible in Dhaka.  
Politicians are businessman. Power is their main motto. I don't 
think it can improve the transport system.  
 
5.10 CHAPTER SUMMARY 
  
Exploratory analysis of survey data shows that Dhaka’s work force is 
dominated by male workers and workers, who are mostly in the age group of 26-35. 
From the survey data and workers’ responses it can be concluded that mode choice 
decision of commuters depends on income in Dhaka for the work trip. Those who 
have higher income have the luxury to enjoy the comfort of cars and those who are 
from lower income backgrounds sometimes cannot afford any type of modes for their 
work trip. Unfortunately most of the female respondents’ fall into low and mid 
income category and compared to the male labour force have less academic 
qualification. Therefore, from this it can be concluded that most of the female 
respondents’ have limited affordability to enjoy a good quality transport service, 
which makes them the most vulnerable on Dhaka’s roads.  
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Dhaka’s commuters are using different types of modes, such as bus, rickshaw, 
CNG, and car for their work trip. Some commuters are also walking to their work 
place. Very small percentages of commuters are using laguna, taxi, shared CNG, 
motorcycle and bicycles as a main mode of transport for their work trip. As an access 
mode to the bus stand, some commuters are using rickshaw, laguna, shared CNG and 
some commuters are walking to the bus stand while travelling to work place. Bus is 
the dominant mode of transport for commuters as the highest percentage of 
commuters use bus for their work trip and the second highest percentage of 
commuters are walking for their work trip. Most of those who are walking are from a 
lower income background and stated they are walking, not because they are willing 
to walk, but because they are forced to walk. 
 
From the survey responses, drawbacks of different modes and the whole 
transport system in Dhaka can be exposed. The main drawback or problem on 
Dhaka’s road that commuters are facing is excessive travel time, which is common 
for all mode users. Including excess travel time, all mode users have their own 
problems, as specified by commuters in the survey. Bus users stated that bus 
overcrowding is the main problem they are facing. They also specified not bus 
frequency, but available bus fleet in Dhaka, seriously lacks in being able to provide 
enough capacity to the passengers. Among other problems of buses, bad condition of 
buses, long waiting time, unreliability, lack of provision of safety and security, abuse 
of female passengers by male passengers, abuse of female passengers by drivers and 
helpers, and high fares compared to distance are some of the significant ones. Car 
users’ main problem is the bad road condition. Many roads in Dhaka are badly 
managed. Among other problems the significant problems that Dhaka’s car users are 
facing are traffic mismanagement, no parking places, no implementation of traffic 
rules, and less road capacity. CNG users’ main problems are high fares, lack of 
control on CNG fare, and unavailability of CNG. Rickshaw users’ main problems are 
excess fares and bad road conditions. For walker respondents, bad road condition is 
the main problem. Among other problems of walkers, less space on the road for 
walking is the significant.  
 
The majority of commuters are choosing more time consuming, least expensive 
and least comfortable modes for their work trip. Therefore, cost is the main factor for 
     Exploratory Analysis and Presentation of Survey Data            108 
 
the majority of workers in choosing their mode, even though that mode is not 
comfortable and less safe. However, social demographic characteristics, such as age, 
education, income and gender have significant influence on commuters’ mode choice 
decision for the work trip.  
 
On average across all modes, about 10 percent of respondents were distrustful 
about BRT. Some of the reasons of their distrustfulness are lack of government’s 
willingness to change, corruption, and lack of infrastructure.  
 
An PMS survey has been conducted on 466 samples. A hypothetical scenario 
with 16 choices was given to the respondents and they selected one choice for their 
work trip. 
 
Chapter 6 will provide a gender specific analysis of survey data. Chapter 7 
will provide the model result for a model calibrated with the RP data. Chapter 8 will 
discuss the model result for the model calibrated with the SP data. Chapter 9 will 
discuss the challenges and opportunities of BRT in Dhaka. Findings from the survey 
data analysis will provide resources to Chapters 6, 7 and 8.   
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Chapter 6:  Analysis of Work Travel 
Condition by Gender	
 
Chapter 5 provided an overview of survey data obtained from the survey 
conducted from October 2011 to December 2012. The overview and exploratory 
analysis of survey data in Chapter 5 provided the information that gender has a 
significant role in commuters’ work trip mode-choice decisions. This chapter 
provides more detailed exploratory analysis of male and female work trip differences 
using the survey data.  
 
This chapter first details some of the literature review findings on gender and 
transport issues. Later, this chapter analyses survey data in more detail, to understand 
transport challenges for women in Dhaka. Work trip variables such as cost, mode, in-
vehicle time, and distance travelled for work trip are analysed for both male and 
female commuters.  
6.1 LITERATURE REVIEW ON GENDER AND TRANSPORT 
 
The travel patterns of men and women are widely differing  (Riverson, 
Kunieda, Roberts, Lewi, & Walker, 2005). This difference of travel pattern between 
men and women is mainly because of social and cultural reasons. In the past, women 
were mainly responsible for household work so their travel was mainly related to 
their household activities. At the current time more women are in formal paid 
activities outside their households. However, they have the same responsibilities for 
household work as well, which requires them to travel more often.  
 
Some of the researchers addressed gender and transport issues in many 
geographical locations (Duchène, 2011; Astrop, 1996; Hamilton, Jenkins, Hodgson, 
and Turner, 2005; Peters, 2002; Rahman, 2010; Turner and Fouracre, 1995; Zohir, 
2003).  
 
Duchène (2011) stated, “In all locations women have programmes of 
activities that are far more complex than those of men due to their double working 
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day, in that usually women not only have to take care of domestic chores, children, 
elderly relatives and the sick, but also participate in productive activity. Women 
frequently need to make trips outside rush hours and to destinations different to those 
of men, for example to go shopping or to accompany children to school, health 
centres, etc.” Women value time more than men because of their extended job 
responsibilities.  
 
Hamilton et al. (2005) also addressed the difference in travel pattern between 
men and women. In their study they explored how the United Kingdom transport 
policy should address the gender issue. This study is also significant as it specified 
the inadequate number of women planners and policy makers in the transport sector, 
showing its service had been developed by men for the use of men in that society. 
Another significant issue it addressed was that women are not homogeneous in 
nature. Their travel pattern varies by their age, geographical location, socio-
economic class, ethnicity, employment and parenting status. 
 
Adetunji’s (2013) research found that men and women’s travel patterns differ 
in Ilesa, Nigeria. His research also found that men predominately use private 
transport, whereas women are mainly dependent on public transport. 
 
Astrop et al. (1996) reported that in Pune, India, household trip frequencies, 
distance travelled and modal choices vary with gender differences. Their research 
found that in Pune, women mostly rely on pedestrian means to travel short distances 
and rely on buses to travel long distances. On the contrary, men mainly depend on 
scooters and motorcycles to meet travel demand.  
 
According to Peters (1999), women in Dhaka have cultural constraints for 
properly accessing public transport because of social seclusion. She also stated that 
female low income earners are in a more difficult situation when it comes to travel as 
they have limited access to mode of transport so their predominant mode of travel is 
walking. Peter's (2002) research found that in the developing countries women make 
less trips and use less expensive modes compared to men. Women are the most 
vulnerable in society, even for transport issues. Women’s inadequate access to 
transport services is mainly because of patriarchy, poverty and policy regarding 
     Analysis of Work Travel Condition by Gender            111 
 
transport planning (Peters, 2002). Patriarchy means women having less power in the 
household and society. As men are considered as superior to women they have more 
access to various transport modes. Society recognises their job responsibilities more, 
as compared to women. Another reason for women’s lack of accessibility to transport 
modes is their inability to afford to pay for transport. This is very significantly true 
for poorer women. Society not only underestimates their job responsibilities, but also 
undervalues their labour. In many situations, women get lower wages compared to 
men, even though they have similar duties or tasks as men. In another study, Peters 
(2013) compared five different developing cities’ gender segregated travel patterns 
and for Dhaka he found that:  
 More women than men have no mode of transport available at all and walk. 
 More women than men are depending on public means of transport. 
 Women are less likely than men to have access to motorised means of 
transport. 
 Women are less likely than men to use bicycles or other intermediate means 
of transport. 
His research also found that in Dhaka, women want special bus services for only 
them to travel, while in Pune, an Indian city, women do not want “women only” 
buses, rather, they want bus frequency to be increased. In Dhaka, cultural and 
religious issues are most predominant when choosing transport mode. Women want 
more separation from men and they are not likely to travel in overcrowded buses 
with other male passengers. That’s why their preference for “women only” buses is 
higher, compared to Pune.  
 Rahman (2010) explored the reasons for the failure of the ‘women only bus’ 
in Dhaka, which was a good initiative of the Government of Bangladesh to overcome 
the challenges women face while travelling by public transport. He focused on 
special bus services for women in Dhaka. He conducted focus group study on 
women passengers of “women only’ bus services. The women in the focus group 
discussion stated that the physical harassment (such as groping or otherwise touching 
indecently), misbehaviour of conductor/driver, problems of getting in (boarding) and 
off (alighting) the bus, overcrowding and inadequate seating, and long waiting time 
are the main problems women passengers on the general buses faced. They specified 
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that special “women only” bus services are able to overcome all these problems. 
Dubai and Mexico City introduced “women only” bus services. India, Egypt, Brazil, 
Taiwan, the Phillippines and Japan introduced “women only” coach service in trains 
or subways. Bangladesh Road Transport Corporation (BRTC), who is the only 
provider of government owned bus services, have taken initiative to implement 
“women only” bus services in Dhaka since the 1980s. However, those bus services 
did not provide maximum profit as their routes and timing were not planned properly 
to cover all types of female bus passengers. In the focus group discussion Rahman 
(2010) also asked about the satisfaction level of current “women only” bus services 
and found that their satisfaction level is low. However, survey respondents also stated 
that whatever the satisfaction level, they prefer a “women only” bus service as it is 
able to provide them more security than the general bus service. After addressing all 
these issues in his research, he also stated proper media coverage of “women only” 
bus services is needed to attract more passengers.  
 Turner and Fouracre (1995), in their paper, addressed the differing travel 
patterns of women compared to men in developing countries. They also mentioned 
that women’s travel pattern changes significantly with the change of their social 
circumstance in their life cycle. For men, travel pattern is almost stable throughout 
their whole life.  
 Zohir (2003) conducted a study titled “Integrating Gender into World Bank 
Financed Transport Programs” for a case study of Dhaka. This study found that there 
is a disconnection between the gender-enabling environment and the transport sector. 
She also stated that even though overcrowding has been found as a main issue for 
women, accessibility into buses was practically not considered.  
 
Even though it has been widely recognised that the travel patterns of men and 
women are different, still not much effort has been put into research addressing 
differences of travel behaviour among different groups of income earners. An 
insignificant amount of the research has been in the context of developing countries’ 
megacities. Most of the studies generalise the difference of travel conditions between 
men and women. This chapter of the research will overcome that gap by segregating 
both men and women workers into different income groups and investigating their 
travel behaviour through exploratory analysis.  
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6.2 SURVEY DATA ANALYSIS  
To understand work travel conditions of male and female commuters, 
exploratory analysis was carried out based on income. Three income categories have 
been used for analysis: low (0 BDT-10000 BDT per month, approximately A$ 0- A$ 
140 per month), medium (10001 BDT-30000 BDT per month, approximately A$ 
140- A$ 415 per month) and high (above 30000 BDT per month, approximately 
above A$ 415 per month). The income category is divided based on Strategic 
Transport Plan (STP) income segregation (The Louis Berger Group and Bangladesh 
Consultant Ltd, 2004). In section 2.2.6 of Chapter 2, details of the STP were 
provided. However, in STP low income and middle income range is respectively 
from 0 BDT to 12,500 BDT per month (approximately A$ 0 - A$ 145 per month) and 
from 12,500 BDT to 50,000 BDT per month (approximately A$ 145-A+$ 500 per 
month). Because of data unavailability exactly the same income segregation was not 
possible for exploratory analysis. 
6.2.1 Income Impact 
 
The main modes of transport for work trips are walking, bus, rickshaw, auto-
rickshaw (the local name of which is CNG as it is powered by compressed natural 
gas) and car (Chapter 5). A very low percentage of commuters use Laguna, battery 
operated CNG (made illegal by the government) and tempo, Motorcycles are also 
used for work trips (Chapter 5). These modes have been aggregated into the “other” 
category.  
 
Low income earners are dependent on cheap modes of transport whereas 
those who are high income earners can spend more money on a mode of transport for 
their work trip and rely on more comfortable but expensive transport options, such as 
car, CNG etc. Income and choice of mode of transport are closely related.  Almost 75 
percent of respondents with income less or equal to 5000 BDT/month (approximately 
A$ 7.50/month), walk every day to their work place. Footpath conditions in Dhaka 
are very poor, such that none of the respondents who walked stated they choose to 
walk willingly; rather, they stated that they were forced to walk because of their 
inability to pay for vehicular travel. 
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Figure 6.1(a), 6.1(b), 6.1(c), 6.1(d), 6.1(e) and 6.1(f) illustrate percentages of 
usage modes by different income categories of female and male commuters for work 
trip. Figure 6.1(a) shows that approximately three quarters of low income female 
commuters walk to work, while about 20 percent use a bus, with access mode mostly 
walking. Figure 6.1(b) shows that maximum percentages of low income male 
commuters use a bus for their work trip. None of the low income male and female 
commuters used a car for their work trip.  CNG use was also significantly low among 
both low income male and female commuters.   
 
Almost two-thirds of middle income female commuters travel by bus with 
rickshaw as a dominant access mode for work trips (Figure 6.1(c)). Only 3 percent of 
middle income females walked to work, which can be attributed to very poor 
pedestrian facilities. Modest proportions of middle income female commuters travel 
by car, CNG or other.  From the Figure 6.1(d) it can be seen that about one-half of 
middle income male commuters travel by bus with walking as the main access mode 
and another one-half travelled by rickshaw. Modest proportions of middle income 
male workers travel by bus, car, CNG or other. A very small percentage walks. The 
main difference between middle income male and female commuters is that 
exclusive use of rickshaw and using bus with access modes such as walk are more 
dominant among middle income male commuters, while rickshaw use as an access 
mode is more dominant among female commuters for the work trip. More 
percentages of middle income female commuters use car and CNG compared to 
middle income male commuters. 
 
Figure 6.1(e) and Figure 6.1(f) show that most of the high income male and 
female commuters used car, rickshaw, or CNG as their mode of transport. However 
proportions of car users among high income commuters are at a maximum compared 
to other income categories. A moderate proportion of high income male commuters 
used buses including access mode by walk or by rickshaw. Very small percentages of 
high income male and female commuters travelled to their work place by foot. 
However, survey response showed these respondents lived very near to their work 
place and they preferred to walk for health reasons.
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Figure 6.1(a) Mode Share by Low Income 
Female Commuters 
 
 
Figure 6.1(b) Mode Share by Low Income 
Male Commuter 
 
 
 
Figure 6.1(c) Mode Share by Middle 
Income Female Commuters 
 
 
 
Figure 6.1(d) Mode Share by Middle 
Income Male Commuters 
 
Figure 6.1(e) Mode Share by High Income 
Female Commuters  
 
Figure 6.1(f) Mode Share by High Income 
Male Commuters 
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6.2.2 Gender and Income Interaction  
 
Table 6.1 lists the descriptive statistics of all income category female and male 
commuters. On average, low income female commuters travelled 4 km for their work trip and 
their in-vehicle time was about 35 minutes. Most low income female workers walked with 
average walk time of 45 minutes and on average spent 8 BDT (approximately A$ 0.1) for 
their work trip. In contrast to low income female, low income male commuters’ average in-
vehicle time was 37 minutes, and travel cost was 21 BDT (approximately A$ 0.50). These 
differences highlight different travel characteristics between low income male and female 
commuters.  
 
It is important to recognize that in Table 6.1 some of the median and modes are listed 
as 0. If a variable such as low income female in-vehicle time has a positive mean in this case 
35 min, then one would normally expect to see a positive median value and a positive mode 
value.  A condition has a mean, such as low income female in-vehicle time of 35min, then 
statistically it would usually have a positive median value and a positive mode value. 
However, most low income females did not use a vehicle. Upon ordering their values of in-
vehicle time in increasing order, the median (middle) value was still zero, as was the mode 
(most common) value. The same is true for this group’s out of pocket cost. Likewise, some 
other commuters did not walk to the work place, which is why in some cases the median and 
mode values of walk time median and mode value is were equal to 0 min. 
 
On average, middle income female commuters spent about 75 minutes inside a 
vehicle. Their cost of travel was on average 52 BDT (approximately A$ 0.50) and they 
travelled about 6 km for a work trip. On the contrary, results show that on average for middle 
income male workers, in-vehicle time was about 65 minutes and average cost of their work 
trip was 37 BDT (approximately A$ 0.30). They travelled an average distance of about 7 km. 
This highlights that, even though male and female commuters travel about the same distance, 
females spend more in-vehicle time and money for their work trip.  
 
On average, high income female commuters spent about 50 minutes inside the 
vehicle. They spent on average about 75 BDT (approximately A$0.90) and travelled about 5 
km distance for their work trip. On the other hand, high income male commuters spent more 
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in-vehicle time and spent more money for their work trip. The average distance travelled by 
high income male commuters was 7 km. High income female commuters travel for less time 
and shorter distance but spend about the same money on transport for work trips as do males.   
 
Table 6.1 presents the average travelling distance for work trips for different income 
categories. The table shows that average travelling distance for different income categories 
varies from 4 to 7 km. However, overall average travelling distance for all is about 6 km 
(Section 5.4).  It can be concluded that both low income male and female commuters live 
near to their work place compared to high and middle income workers. Middle income and 
high income commuters live further from the work place compared to low income workers. 
 
Table 6.1 Descriptive Statistics of Female and Male Commuters 
In
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e 
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Variables 
Female Male  
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n 
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n 
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e 
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D
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. 
M
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In-Vehicle Time 
(Minute) 35 0 0 18 0 120 37 20 0 29 0 135 
Walk Time to 
Work Place 
(Minute) 
45 30 60 23 0 60 34 0 0 17 0 60 
Cost for Work Trip 
(BDT) 1 8 0 0 6 0 55 21 14 0 22 0 120 
Distance Travelled 
for Work Trip (km) 4 4 3 2 1 11 4 4 4 3 1 20 
M
id
dl
e 
In
co
m
e 
 
In-Vehicle Time 
(Minute) 74 75 90 45 0 250 67 60 60 45 0 180 
Walk Time to 
Work Place 
(Minute) 
15 0 0 2 0 15 17 0 0 3 0 15 
Cost for Work Trip 
(BDT) 1 52 30 25 44 0 215 37 30 40 22 0 100 
Distance Travelled 
for Work Trip (km) 6 6 5 4 1 20 7 5 3 5 1 25 
H
ig
h 
In
co
m
e 
 
In-Vehicle Time 
(Minute) 52 45 30 33 5 120 58 60 60 32 10 195 
Walk Time to 
Work Place 
(Minute) 
12 0 0 4 0 15 9 0 0 1.6 0 15 
Cost for Work Trip 
(BDT) 1 75 30 30 77 0 250 72 50 50 61 0 400 
Distance Travelled 
for Work Trip (km) 5 4 4 3 0.5 12 7 7 7 5 1 25 
1Cost means Out of Pocket Cost 
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Figure 6.2 (a), 6.2(b), 6.2(c), 6.2(d), 6.2(e) and 6.2(f) illustrate the average cost for 
different income categories, male and female commuters’ work trips. Figure 6.2(a) shows for 
low income female commuters the expenditure on travel is skewed, with almost three-
quarters spending nothing (those who walk), and almost 20 percent spending the minimal 
amount of 1-10 BDT (approximately A$ 0.01-A$ 0.10). Other cost ranges were negligible in 
proportions. Figure 6.2(b) shows that for low income male commuters there is a fairly wide 
distribution of expenditure on travel. Almost 20 percent spend no money on their work travel, 
most likely walking. Only about 2.9 percent of respondents spent the maximum amount of 
money.  
 
Unlike low income female commuters, middle income female commuters could afford 
to pay for transport for their work trip (Figure 6.2(c)). The greatest percentage of respondents 
spent in the range of 21-30 BDT (approximately A$ 0.20-A$ 0.30). As walking facilities in 
Dhaka are very poor, when respondents have the affordability seldom do they choose to walk.  
Most middle income male commuters spent in the range of 30-50 BDT (approximately A$ 
0.30-A$ 0.50) (Figure 6.2(d)). For some of the middle income male commuters, their work 
trip did not cost anything as they walked. Distribution of cost is normal for both middle 
income male and female commuters.   
 
The greatest proportions of high income female commuters spent in the range of 21 to 
30 BDT (approximately A$ 0.20- A$ 0.32) (Figure 6.2(e) and high income male commuters 
spent in the range of 41 to 50 BDT (approximately A$ 0.40- A$ 0.50) (Figure 6.2(f)). Very 
small proportions of them spent above 50 BDT for their work trip.  
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Figure 6.2(a) Cost Range (in BDT) of 
Transport for Low Income Female  
 
 
Figure 6.2(b) Cost Range (in BDT) of 
Transport for Low Income Male 
 
 
Figure 6.2(c) Cost Range (in BDT) of 
Transport for Middle Income Female  
 
Figure 6.2(d) Cost Range (in BDT) of 
Transport for Middle Income Male  
 
Figure 6.2(e) Cost Range (in BDT) of 
Transport for High Income Female 
 
Figure 6.2(f) Cost Range (in BDT) of 
Transport for High Income Male 
0 1-10 11-20 21-30 31-40 41-50 50+ 0 1-10 11-20 21-30 31-40 41-50 50+
0 1-10 11-20 21-30 31-40 41-50 50+ 0 1-10 11-20 21-30 31-40 41-50 50+
0 1-10 11-20 21-30 31-40 41-50 50+ 0 1-10 11-20 21-30 31-40 41-50 50+
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Figure 6.3(a), 6.3(b), 6.3(c), 6.3(d), 6.3(e) and 6.3(f) illustrate distance 
travelled by different income categories’ male and female commuters for the work 
trip. Both low income male and female commuters predominantly travel between 1 
and 5 km. A slightly higher percentage of low income females than low income 
males travel between 6 km and 10 km. Figures 6.3 (c) and (d) show that most of the 
middle income female and male commuters travelled a maximum 10 km for their 
work trip. There is more dispersion in travel distance amongst middle income male 
than female commuters. Most of the high income commuters surveyed travelled in 
the range of 1 to 10 km distance for work trip.  Higher percentages of high income 
male commuters live far away from the work place.   
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Figure 6.3(a) Distance(km) Travelled 
by Low Income Female Workers  
 
Figure 6.3(b) Distance(km) Travelled 
by Low Income Male Workers  
 
 
Figure 6.3(c) Distance(km) Travelled 
by Middle Income Female Workers 
 
Figure 6.3(d) Distance(km) Travelled 
by Middle Income Male Workers 
 
Figure 6.3(e) Distance(km) Travelled 
by High Income Female Workers 
 
 
 
 
 
 
Figure 6.3(f) Distance(km) Travelled 
by High Income Male Work
1-5 6-10 11-15 1-5 6-10 11-15 16-20
1-5 6-10 11-15 16-20 21-25 1-5 6-10 11-15 16-20 21-25
1-5 6-10 11-15 16-20 21-25 1-5 6-10 11-15 16-20 21-25
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6.3  COMPARISON OF DIFFERENT TRAVEL ATTRIBUTES OF WORK 
TRIP 
Different travel attributes for the work trip are compared by normalising the 
data. Normalisation of data means adjusting values measured on different scales to a 
notionally common scale (Dodge, 2003). Normalised values allow the comparison of 
corresponding normalised values of different datasets. Normalised data have the 
same units on the denominator as the numerator. Data is normalized based on linear 
algebra, by treating the data as a vector in a multidimensional space (Salkind, 2010). 
According to Salkind (2010) in this normalisation process, a data vector is 
transformed into a new vector whose norm (i.e. length) is equal to one (Salkind, 
2010). For example, Equation 6.1 denotes Y vector, Equation 6.2 calculates norm of 
vector Y, Equation 6.3 normalises data vector Y with norm.  
 
 
																								 																							 ሺܻሻ ൌ อ
ݕଵݕଶݕଷ
อ Eq. 6.1                       
‖ܻ‖ ൌ ඥݕଵଶ ൅ ݕଶଶ ൅ ݕଷଶ                        Eq. 6.2   
 
																																																														ሺ ௜ܻሻ ൌ ተተ
ݕଵ ‖ܻ‖ൗݕଶ ‖ܻ‖ൗݕଷ ‖ܻ‖ൗ
ተተ																																		Eq. 6.3 
 
Figures 6.4, 6.5, 6.6  illustrate the comparison of median in-vehicle time, 
cost, distance, and walk time for low, middle and high income male and female 
commuters respectively assigned in a normalised scale. Because of high standard 
deviation of in-vehicle time and cost, instead of using the average values, median 
values have been chosen for comparison of different attributes among different 
income category commuters. Equation 6.1, 6.2 and 6.3 were used for normalising 
data.   
 
In normalised scale, walk time is the maximum for low income female 
commuters (0.80). Contrarily for all other income commuters this value is 0. In-
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vehicle time is least for low income female commuters (0) followed by low income 
male commuters (0.21). Average walk time is the maximum and in-vehicle time is nil 
for low income females because they are mainly walking to their work place.  
 
In contrast, in-vehicle time is more for middle income female (0.60) and 
middle income male (0.48), high income female (0.36) and high income male (0.48) 
commutes because they seldom prefer to walk to the work place due to insufficient 
walking facilities; instead they take any mode that is affordable to them for work trip. 
Normalised value of in-vehicle time is more for middle income commuters than high 
income commuters because both high income male and female commuters use more 
private vehicles compared to middle income male and female commuters for the 
work trip.  
 
Again for travelling the same distance for the work trip, high income male 
commuters spend the maximum (0.68). Higher income category commuters are at the 
higher end of the normalised scale compared to low income category commuters 
because those with higher incomes tend to choose any vehicle instead of walking to 
their work place.  
 
 
Figure 6.4 Median Value of In-Vehicle Time, Distance, Cost and Walk time 
to Work Place in Normalised Scale for Low Income Male and Female 
Commuters 
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Figure 6.5 Median Value of In-Vehicle Time, Distance, Cost and Walk Time 
to Work Place in Normalised Scale for Middle Income Male and Female 
Commuters 
 
Figure 6.6 Median Value of In-Vehicle Time, Distance, Cost and Walk Time 
to Work Place in Normalised Scale for High Income Male and Female 
Commuters 
6.4 DISCUSSION ON TRAVEL DIFFERENCES BETWEEN MALE AND 
FEMALE COMMUTERS 
 
Exploratory analysis of survey data highlighted that commuters’ travel 
condition varies between males and females. Even though there is no significant 
difference of travel distance for all income categories for a work trip, there is a wide 
range of spending for a work trip based on income. Low income commuters spend 
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least for a work trip and middle and high income commuters spend more money for a 
work trip. When women commuters have increased income, they usually switch to 
better options. Unlike low income female commuters, middle income female 
commuters spent more compared to middle income male commuters. High income 
female commuters have more capacity to own a private vehicle which gives them the 
maximum comfort, flexibility, safety and security. High income male and female 
commuters spent about same amount of money. Usually a higher percentage of high 
income female commuters use cars, compared to male commuters, for a work trip. 
 
In Chapter 5, commuters’ problems while traveling to their work place is 
discussed. Analyses in Chapter 5 and 6 shows low income female commuters are the 
most underprivileged group of travellers in Dhaka. Most of the low income female 
commuters stated that they cannot afford transport to go to their work place. The 
commuters who travelled to their work place on foot stated many problems, such as 
bad road conditions, limited space for walking, bad drainage facilities etc, for 
walking (Section 5.6.5). Still, the highest proportion of low income female 
commuters walked to their work place as they did not have a choice other than 
walking to their work place because of their financial constraints. Low income male 
commuters are more able to afford their work trip. This can be explained as most of 
the male commuters are at the higher end of the low income category. Another 
explanation can be drawn from cultural reasons with the limited income - low 
income female commuters tending to save more money for their family rather than 
spending for their own comfort. Most of the low income male and female commuters 
live very close to their work place. Therefore, overall it can be said that the low 
income female commuters’ work trip is different from the male commuter’s with 
respect to chosen mode and cost, even though they were travelling about same 
distance.  
 
From the analysis it can be understood that female commuters are overall 
more vulnerable than male commuters while travelling to their work place. In spite 
of the absence of safety and security and proper pedestrian facilities, female 
commuters mostly walk to the work place when they have financial constraints. In 
Dhaka, pedestrian facilities are very poor due to poor road conditions, and lack of 
safety and security. When there are so many problems faced by pedestrians, they do 
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not walk willingly, instead they do so under duress. Women commuters who can 
afford any type of mode of transport tend not to walk to the work place. When 
female commuters have the ability to pay for buses, certainly they use buses instead 
of walking to their work place. Female commuters are also challenged by unfriendly 
situations when travelling by bus. Bus users’ main problems were found to be 
overcrowding, lack of availability of seats, and high fare compared to service and 
distance (Section 5.6.1 of the Chapter 5). Some of the female respondents of bus 
users stated that the male co-passengers and drivers’ attitudes towards them were not 
good. Female commuters who have high income even cannot enjoy as much freedom 
as male commuters while travelling. In Dhaka it is not very common for female 
commuters to drive their own private vehicle or to ride bikes and motorcycles. Those 
female commuters who drive their own car or ride a bike or motorcycle sometimes 
face harsh comments from other road users. Therefore, Dhaka’s road and transport 
system seriously is lacking in equity.  
 
Using PPT, such as rickshaw and CNG, not only increases the flexibility for 
commuters but also increases safety and security compared to that for those who 
walked while travelling to the work place. Therefore, female commuters who can 
afford, choose PPT. However, travelling by PPT is costly, unsafe, insecure and 
sometimes unpredictable (section 5.6.3 and 5.6.4). Bad road conditions and unskilled 
drivers often cause severe accidents while travelling by PPT. Female rickshaw users’ 
common concern was banning rickshaw use from certain roads without prior 
instruction and without implementing alternate modes (Chapter 5). They also 
described that sometimes without any prior instructions, suddenly the government 
would not allow rickshaws to enter into some roads; which not only causes 
inconvenience but also increases their travel time, as they must take a different route 
or seek out a different mode of transport. 
 
Because of income constraints, not all female commuters can own a private 
vehicle. Female commuters who have the means choose better and more expensive 
modes of transport, which can give them a greater sense of security and comfort. 
However, this attitude is not highly prevalent among male commuters. 
 
     Analysis of Work Travel Condition by Gender            127 
 
6.5 CHAPTER SUMMARY 
Exploratory analysis of the survey data showed that there is a wide difference 
between male and female commuters and different income earner female commuters’ 
travel patterns.  However, all income category commuters on average travelled a 6 
km distance for their work trip.  
There is a wide range of spending for work trips, based on income. Low 
income commuters spend the least while high income commuters spend the most for 
work trips.  
From the analysis, it can be understood female commuters are more vulnerable 
than male commuters while travelling to their work place. Comparing mode-choice 
decisions of male and female commuters showed their mode-choice decision 
significantly varies. In spite of the absence of safety and security and proper 
pedestrian facilities, mostly female commuters walk to the work place when they 
have financial constraints. It is certain that when there are so many problems faced 
by pedestrians, they do not walk willingly, instead they do so under duress. Female 
commuters often have to face the challenges of an unfriendly situation while 
travelling by bus. Travelling by PPT is costly and sometimes unsafe. Because of 
income constraints not all female commuters can own a private vehicle. If women 
commuters have the ability, they choose better and more expensive modes of 
transport. This is mainly because better and more expensive modes of transport can 
give them a greater sense of security and comfort. But this attitude is not highly 
prevalent among male commuters.  
Findings from this chapter will provide intellectual resources to Chapter 9, 
which will discuss challenges and opportunities for BRT in Dhaka. This will help to 
determine whether gender issues have been adequately addressed in transport policy 
so far and whether policy change for gender issues is necessary to successfully 
implement BRT in Dhaka. 
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Chapter 7:  Modelling Framework 
and Model Result with 
Revealed Preference 
(RP) Data 
 
The aim of this research is to investigate the commuter uptake of Bus Rapid 
Transit (BRT) and to determine challenges that may be faced when implementing 
BRT for the case study of Dhaka, Bangladesh. In Chapter 2, the literature review on 
different transport studies found that there is no significant study that discussed the 
acceptability of BRT in Dhaka. Chapter 3 discussed BRT in Curitiba, Bogota, 
Santiago, Jakarta, Beijing, Brisbane and Ottawa. Lessons from those cities will help 
to determine challenges Dhaka and other developing countries’ megacities may face 
while implementing BRT.  
 
Chapter 5 provided an overview and exploratory analysis of the survey data. 
Exploratory analysis of the survey data showed that commuters’ mode-choice 
decision mainly depends on cost and travel time. However, to understand how 
changes of these attributes affect mode-choice decision, a Multinomial Logit Model 
(MNL) was developed. Chapter 4 discussed the theoretical background of mode-
choice modelling and gave reasons why the MNL model form was chosen for this 
research. This chapter will provide the framework and results for the MNL model 
developed using the Revealed Preference (RP) data of commuters’ actual travel 
behaviour. Chapter 8 will discuss the model result with Preferred Mode Selection 
(PMS) survey data. The model result with RP data will be compared to the model 
result with PMS data to understand the possible change of travel behaviour if BRT 
operates in Dhaka. Findings from this chapter will be linked to Chapter 9, which will 
discuss challenges and opportunities for BRT in Dhaka.   
 
This chapter discusses the choice set and attributes used for model 
development with RP data, estimated coefficients from the model, model validation, 
elasticity, sensitivity analysis of elasticity, and summarises model results. 
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7.1  DESCRIPTION OF MODEL WITH RP DATA 
This section provides a description of choice set and attributes for modelling 
with RP data. 
7.1.1  Model Choice Set 
 
Any mode-choice decision depends both on the individual’s personal attributes 
and characteristics of urban transport structures. In the survey conducted for this 
research an explicit question was asked about the availability of various modes.  
Each respondent provided a list of modes that they considered as their available 
modes.  
 
Most respondents perceived that the rickshaw is not a member of their 
available mode set when the main roads near their home or work location have 
restrictions on rickshaw use. This may not be technically true as they could avail 
themselves of rickshaw travel for their work trip by taking longer, or different, 
routes. Some respondents perceived that the bus is not in their available mode list as 
they think they live too far from a bus stop. However, analysing home location on 
MAPINFO and Google Maps showed that these respondents who think the bus is not 
in their available mode set live approximately within 2km travel distance of bus 
availability (Bowes, 2014; Google Map, 2014). High income earners responded that 
they did not have any knowledge about bus services near their home or work 
location, despite the presence of bus service. A universal choice set has been 
considered for the model development as commuters can technically avail 
themselves of any mode for their work trip, even though they perceive that certain 
modes are not available.  
 
As discussed in Section 5.3, the major modes available in Dhaka are walk, 
rickshaw, bus, CNG (auto-rickshaw is termed CNG because this mode is fuelled by 
compressed natural gas) and car. Besides walk, bus, CNG and car, very small 
percentages of survey respondents stated that they use laguna, tempo, taxi, and 
shared CNG for their work trip. As these modes provide more flexibility than bus 
service, they were aggregated into the Personalised Public Transport (PPT) mode.  
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The choices for the MNL model are as follows:   
 Bus (including access mode)  
 Walk 
 Car 
 PPT (CNG, Rickshaw, laguna, tempo, taxi, shared CNG) 
7.1.2 Significant Attributes in the Model with RP Data 
  
Attributes that drive travel behaviour may vary with socioeconomic conditions 
and public transport systems. Therefore, any given city may have specific travel 
attributes. Attributes that are important for a developing country’s megacity will be 
different from the developed country’s megacities. Economic constraints in a 
developing country result in poorer service delivery environments and different user 
expectations on service quality compared with developed nations (Das and Pandit, 
2012).  
 
Section 5.7 discussed mode-related factors from the survey for the work trip. 
After analysing respondents’ responses it was found that in Dhaka, commuters’ work 
trip mode choice decisions depend highly upon travel time and travel cost, rather 
than other factors.  
 
MAPINFO GIS was used to calculate expected travel time and travel cost of un-
chosen modes because of the unavailability of any other model data. Respondents in 
the survey stated their work location and home location. A calculation of the distance 
travelled by each respondent was made using MAPINFO, based on the assumption 
that they would take the shortest possible route.  
 
After several modelling trials, the attributes listed in Table 7.1 were found to 
be the most significant. Equations 7.1, 7.2, 7.3 and 7.4 provide the utility functions 
for the model. 
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Table 7.1 Attributes Used in the Model Calibrated with RP Data 
Type of 
Attributes  
Attributes Description Variable 
State  
Coded 
Value  
Notation of 
Attributes 
Generic 
Attributes 
Total Cost  Total money (in 
BDT) 
Commuters 
spent for work 
trip 
  ܶܥ 
Time in 
motion by 
any vehicle 
or by walk  
Total moving 
time (min) by 
any modes 
includes access 
time to reach 
public transport. 
For those 
walking this 
means total 
actual walking 
time. 
  ܶܶ 
Waiting 
time for 
Public 
Transport  
Total time 
Commuters are 
waiting for 
either bus or 
PPT 
  ܹܶ    
Social 
Demograph
-ic 
Attributes 
Income In the 
Bangladesh 
bureau of 
statistics 
minimum wage 
is mentioned as 
5000 BDT 
(about A$ 75) 
(BBS, 2011). 
 
5000 BDT 1 ܫܰ 
>5000 BDT 0 
Gender  Male 1 ܩ 
Female 0 
Education Postgraduate 
education means 
respondent has 
completed a 1 or 
2 year Master 
degree   
With Post 
Graduate 
Education  
1 
 
ܲܩ 
Without 
Postgraduat
e Education
0 
Age  The sample is 
divided into age 
less than 35 
years and age 
above 35 years.  
35 YEAR 0 ܣ 
>35 YEAR 1 
Constant  Walk, car and PPT Specific Constant ܣܵܥܥ2 , ܣܵܥܥ3	and ܣܵܥܥ4 
respectively  
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Where,  
	ܷ௕       = utility function for bus  
	ܷ௪      = utility function for walk  
	 ௖ܷ       = utility function for car 
	ܷ௉      = utility function for PPT 
ܶܶ       = travel time in motion  
ܶܥ       = travel cost of the work trip 
ܹܶ      = waiting time for bus and PPT 
ܲܩ       = postgraduate education dummy 
ܩ         = male gender dummy 
ܫܰ        = poor income (<=5000) BDT dummy 
ܣ          = age above 35 Year dummy 
ܣܵܥܥ2 = constant for walk 
ܣܵܥܥ3 = constant for car 
ܣܵܥܥ4 = constant for PPT 
ܤଵ, ܤଶ, ܤଷ, ܤସ, ܤହ, ܤ଺, ܤ଻, ܤ଼, ܤଽ ,	ܤଵ଴, ܤଵଵ= associate coefficients of the attributes 
7.1.3  Discussion on Estimated Coefficients 
 
“LIMDEP” software was used for model calibration because it offers 
capability to estimate a wide range of qualitative and dependent variable models 
(Green, 1998). Various trial models were calibrated with different combinations of 
attributes. The performances of these models were assessed based on their statistical 
significance, predictive ability and logical reasoning. According to Ortúzar and 
Willumsen (2011), the null hypothesis for a significant attribute is rejected when its 
Student’s t statistic is sufficiently large, typically greater than 1.96 at a 95 percent 
confidence level. Section 4.4 detailed the theory of testing individual attributes. 
Table 7.2 presents the estimation result for the best calibrated model. 
   ܷ௕ ൌ ܤଵ ∗ ܶܥ ൅ ܤଶ ∗ ܶܶ ൅ ܤଷ ∗ ܹܶ ൅ ܤସ ∗ ܩ ൅ ܤହ ∗ ܫܰ                           Eq. 7.1   
   ܷ௪ ൌ ܣܵܥܥ2 ൅ ܤଶ ∗ ܶܶ ൅ ܤ଺ ∗ ܩ ൅ ܤ଻ ∗ ܫܰ                                               Eq. 7.2   
 ௖ܷ ൌ ܣܵܥܥ3 ൅ ܤଵ ∗ ܶܥ ൅ ܤଶ ∗ ܶܶ ൅ ܤ଼ ∗ ܲܩ ൅ ܤଽ ∗ ܣ                            Eq. 7.3     
   ܷ௉ ൌ ܣܵܥܥ4 ൅ ܤଵ ∗ ܶܥ ൅ ܤଶ ∗ ܶܶ ൅ ܤଷ ∗ ܹܶ ൅ ܤଵ଴ ∗ ܲܩ ൅ ܤଵଵ ∗ ܣ    Eq. 7.4  
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Table 7.2 Model Estimation Result for Model Calibrated with RP Data 
Mode Attribute Coefficient Std. Err. t statistic P value 
 
For all 
Modes 
Total Cost -0.0056 0.0010 -5.8036 <0.01 
 
Travel Time in 
Motion  -0.0063 0.0023 -2.7032 <0.01 
Waiting Time -0.0672 0.0091 -7.3747 <0.01 
Bus Gender -0.4109 0.2103 -1.9534 <0.01 
Income 0.8634 0.3905 2.2112 <0.01 
Walk Constant -3.1847 0.3512 -9.0678 <0.01 
Gender -1.4025 0.2839 -4.9403 <0.01 
Income 3.9135 0.3936 9.9417 <0.01 
Car Constant  -4.5683 0.5658 -8.0737 <0.01 
Education  2.5595 0.3781 6.7692 <0.01 
Age 1.3974 0.2973 4.6999 <0.01 
PPT Constant  -1.7792 0.2923 -6.0873 <<0.01 
Education  0.3935 0.1892 2.0798 <0.01 
Age  0.4562 0.1855 2.4594 <0.01 
Log Likelihood Function at Convergence with only Alternative-Specific Constants= 0 
Log Likelihood Function = -746.69 
Pseudo R2=0.31 
N =888 
 
In this best model, bus is used as the reference mode as its mode share is the 
highest. The model results in Table 7.2 show that mode specific travel cost and travel 
time attributes are insignificant, as these coefficients were estimated as fixed 
parameters. This may be because, for some modes such as car and PPT, the sample 
size is not significantly high. Therefore, generic coefficients of travel time and travel 
cost were used for model development. As Log Likelihood Function is more than 
critical χ2 (discussed in section 7.2.1), model is better than the base model.  Pseudo 
R2 0.31 also represent model is satisfactory (discussed in 7.2.1).  
The coefficients of travel cost, travel time in motion and waiting time were 
found to be significant as t statistics, for these coefficients are greater than 2. The 
strongest prior knowledge a transport modeller has about the estimated coefficients is 
with regard to their sign. Results show that total cost, time in motion and waiting 
time for public transport have expected negative signs. Therefore, increased value of 
these attributes will reduce the utility of the respective mode.   
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The coefficient of gender for bus is negative, which means that men have a 
lesser tendency towards choosing bus than women. The income coefficient for bus 
mode is positive, which means that those who are poor are more likely to choose bus 
for their work trip.  
For walk, the gender coefficient is negative, while the income coefficient is 
positive. This means that women and those who are poor are more likely to walk. 
However, the magnitudes of the values for gender and income are greater for walk 
than bus. Therefore, more poor women commuters tend to choose walk as their 
preferred mode compared with bus.  
For car and PPT modes the coefficients of the dummies that represent 
education and age are positive. Commuters with postgraduate degrees and who are 
above 35 years of age are more likely to choose car.  Figure 5.5 showed that those 
who have higher education levels earn more money and can more likely afford to 
own a car or choose PPT. Those who are older than 35 years generally have more 
financial security. Financial security and age increase workers’ tendency to own a 
car. 
7.2 MODEL VALIDATION  
This section discusses model validation, includes the overall significance of 
the model, the prediction ability of the estimated model, and the correct prediction 
ability of the model. 
7.2.1 Overall Significance of Model  
 
To determine the overall significance of the model, a Log Likelihood Ratio 
test (-2LL test) was conducted. Section 4.4 discussed this test in detail. If the Log 
Likelihood Ratio value is less than Critical Chi Square (χ2) value at the 95% 
confidence level then the null hypothesis that the model is no better than the base 
model cannot be rejected  (Almasri and Alraee, 2013). If the Log Likelihood Ratio 
value is more than the Critical χ2 value at 95% confidence level then the null 
hypothesis can be rejected, so it can be surmised that the model is better than the 
base model (Almasri and Alraee, 2013). 
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  The -2LL value was determined to equal 745 while the critical χ2 value was 
determined to equal 19.68 with 11 degrees of freedom at the 5 percent level of 
significance (α = 0.05). It can therefore be surmised that the fitted model is better 
than the constant-only model.  
Section 4.4.3 provided a theoretical background of Pseudo R2. Figure 4.1 shows 
the comparison between Pseudo R2 and Linear R2 (Hensher et al., 2005). The Pseudo 
R2 value of the model was found to be 0.31, which is equivalent to about 0.70 of 
Linear R2. This result indicates that this model is satisfactory.        
7.2.2 Comparison between Actual Mode Share and Predicted Mode Share 
 
Section 4.4.1 discussed the theory behind calculating the predictive ability of the 
estimated model. In this section actual mode share is the mode commuters are using 
for traveling to their work place. Comparisons between actual mode shares and 
predicted mode shares are performed in two ways for this research:  
a) Applying utility functions over all individuals with their actual attributes, and 
 
b) Applying utility functions on a homogeneous groups of workers with sample 
average mode-specific attributes 
 
a) Applying utility function over all individuals with their actual attribute 
Figure 7.3 compares actual mode share with predicted mode share using the 
estimated model, when the utility function is applied over all individuals with their 
observed mode specific attributes. The results in Figure 7.1 show that the model:  
 over-predicts bus mode share by about 6% ,  
 under-predicts walk mode share by about 1%,  
 under-predicts car mode share by about 2%, and  
 under-predicts PPT mode share by about 2%.  
McFadden et al. (1977) model’s over prediction and under prediction ranges from 
0.1% to 4%. McFadden won a noble prize in 2000 for his development of theory and 
method for analysing a discrete choice model. “Demand model estimation and 
validation” is one of the prominent studies among his early work (McFadden et al., 
1977). For the model with RP Data this ranges from 1% over prediction to 6% under 
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prediction. This range is not substantially different from McFadden et al.’s (1977) 
model.  
 
Figure 7.1 Comparison of Actual Mode Share, Predicted Mode Share when 
utility function applied over all individuals actual attributes 
b) Applying utility function on a homogeneous group of workers with sample 
average mode specific attributes 
The probability of mode share for each mode was calculated only once for a 
homogeneous group of workers with the average mode specific attributes.  
Figure 7.2 illustrates the comparison between actual mode share and 
predicted mode share for ‘poor females who are less than 35 years old and have no 
postgraduate degree qualifications’. Results in the Figure 7.2 show that the model: 
 under-predicts bus by about 1%, 
 under-predicts bus by about 2%, 
 over-predicts car by about 0.10%, and  
 over-predicts PPT by about 3%.  
Results show that the model predicts the mode share very closely. The difference 
between actual and predicted mode share ranges from 1% to 3%.  This range is very 
similar to the McFadden et al. (1977) model.  
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Figure 7.2 Comparison of Actual Mode Share, Predicted Mode Share when 
utility function is applied on Homogeneous Group of Workers 
7.2.3 Model’s Level of Accuracy   
 
To understand a model’s prediction capability, chosen choice can be 
compared with predicted choice. If the difference is too high then the model is not 
good enough to represent the system. Almasri and Alraee (2013), McFadden et al. 
(1977), Ortúzar and Willumsen (2011), Train (1978a), and Train (1978b) compared 
predictions by the estimated model with chosen mode share. However, they did not 
provide any standard acceptable value of difference between estimated mode share 
and chosen mode share. They analysed Root Mean Square Error (RMSE) to compare 
different models.  
RMSE offers a unit-less measure of forecasting accuracy (Talviti et al. 1982). 
RMSE can take any positive value (0 to ∞). RMSE is used to compare two models. 
The unbiased model with the smallest RMSE value is considered as the best 
predictive model. McFadden et al. (1977) and Train (1978) found that their best 
predictive model had RMSE equal to 9.534 for the “Urban Travel Demand 
Forecasting Study” San Francisco Bay Area Rapid Transit (BART) before and after 
implementation. Equation 7.5 calculates the RMSE to compare different model’s 
predictability (McFadden et al, 1977).  
ܴܯܵܧ ൌ ට෍ሺܳ௜ െ ܴ௜ሻଶ  Eq. 7.5 
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Where,  
RMSE =Root Mean Square Error 
ܳ௜ =Chosen Mode Share (in percentage) of alternative i 
ܴ௜ =Predictive Mode Share (in percentage) of alternative i 
Table 7.3 lists the RMSE of model for application of utility function on different 
homogeneous groups of workers. Table 7.3 shows that RMSE is closer to 0 when the 
sample size is higher. Comparison with the RMSE values of the calibrated model 
shows that the model applied on a decent sample size of a homogeneous group of 
workers has a low RMSE value compared with that of McFadden, Talvite et al 
(1977) and Train (1978).  
Table 7.3  Root Mean Square Errors (RMSE) of Proposed Model 
Case Set for application of utility function Number, 
n 
RMSE
1 Utility functions applied to all individual with their actual 
attributes 
888 6.44 
2 Utility functions applied to homogeneous group of poor 
female workers who are less than 35 years old and have no 
postgraduate degree qualifications 
127 3.13 
 
7.3  ELASTICITY OF ATTRIBUTES 
The responses to change of attributes of an alternative can be measured by the 
elasticity value. Section 4.5 provided the theoretical background of elasticity. Some 
researchers reported elasticity as short run, whereas others reported it as long run 
(Luk and Hepburn, 1993). Using short run elasticity means that actors in the system 
do not have time to change behaviour, so it is acceptable to assume that the other 
variables do not change, whereas in the long run, variables interact with actors’ 
behaviour. In the short run, at least one factor influencing demand is fixed, whereas 
in the long run, all factors influencing demand are variable (Luk and Hepburn, 1993).  
Short run elasticity only has been calculated for this research because it can 
measure the immediate responses for a specific attribute. Section 4.6 discusses 
elasticity of different attributes for other cities. In the following section, elasticity of 
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travel time in motion, waiting time and travel cost are discussed and compared with 
elasticity for other cities.  
7.3.1 Elasticity of Travel Time in Motion 
 
Table 7.4 lists elasticities of travel time in motion for all modes. As all 
elasticity values are less than 1, it can be concluded that all modes are relatively 
inelastic to travel time in motion. PPT has the maximum cross elasticity for bus 
travel time in motion. Therefore, by increasing bus travel time in motion, the relative 
utility will increase to a maximum for PPT.  
Cross elasticity of walk travel time in motion is the highest for bus, which is 
reasonable as bus is the cheapest option, so if walk travel time increases, then those 
who can afford to would shift to bus. However, bus, car and PPT are relatively 
inelastic to walk travel time in motion, as elasticity values are significantly less than 
1.   
Results show that all modes are relatively inelastic to car travel time in 
motion as elasticity values are significantly less than 1. The cross elasticity of other 
modes for PPT travel time in motion is relatively inelastic.  
Table 4.2 lists elasticity of travel time and in-vehicle time for other cities. For 
this research travel time in motion for public transport includes actual time travellers 
are inside the vehicle plus access time to reach the bus stand. No published elasticity 
values for travel time in motion as defined here have been found in the literature. 
However, elasticity of in-vehicle time from other studies gives an indicative 
comparison with the elasticity value of travel time in motion of this research.  
Comparison of elasticity of travel time in motion of bus shows that, for most 
developed countries’ megacities, elasticity of in-vehicle travel time is high compared 
with Dhaka. This may be because developed countries’ megacities have very good 
transport systems. Consequently, an increase to in-vehicle time would lead 
commuters to choose other modes that take less in-vehicle time.  
For Karachi, elasticity for bus in-vehicle travel time is much higher than 
Dhaka. Karachi has a variety of transport modes that has made it prominent. As a 
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consequence, increasing bus in-vehicle travel time would cause significant modal 
shift to other modes as the elasticity value is high. Other explanations are that other 
available modes are less affordable and that Dhaka’s roads suffer excessive traffic 
congestion. Walking is the cheapest option in Dhaka so most commuters walk for 
their work trip. Using car or PPT is costlier than using bus for everyday work trip.  
 As with bus travel time in motion, Dhaka workers are less sensitive to car 
travel time in motion. The absolute values of elasticity of car travel time in motion 
for developed countries’ megacities ranges from 0.26 to 0.62, whereas for Dhaka this 
value is only 0.15. In Australia, Britain and Europe, megacities generally have very 
efficient public transport systems and road networks. Additionally, in developed 
countries, travelling by car is not as much a status symbol as it is in Dhaka.  From the 
elasticity values of the Table 4.2 it can be understood that commuters in developed 
countries’ megacities are typically very sensitive to the increasing travel time in 
motion and will shift to other modes that have less travel time than car. Dhaka’s 
commuters perceive the car as a sense of security, status and comfort. The image of 
public transport in Dhaka does not provide the same sense of security, status and 
comfort. It is therefore postulated that Dhaka’s car users are less sensitive to travel 
time, even when it increases.  
In Dhaka, similar to car and bus, commuters are less sensitive to ‘walk’ travel 
time for the work trip. Contrarily, because of efficient transport systems, commuters 
in developed countries’ megacities are more sensitive to travel time. However, the 
magnitude of absolute value of elasticity of travel time of walking is much lower 
than elasticity of bus in vehicle travel time and car in-vehicle travel time. Whereas in 
Dhaka, the magnitudes of elasticity value of bus, walk, car and PPT travel time in 
motion are very similar. Therefore, commuters are similarly sensitive to travel time 
in motion across the different modes.  
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Table 7.4 Elasticity of Travel Time in Motion 
Mode Bus Walk Car PPT 
Bus -0.23 0.06 0.02 0.07 
Walk 0.10 -0.15 0.01 0.02 
Car 0.20 0.03 -0.16 0.10 
PPT 0.21 0.04 0.02 -0.17 
  *Bold and italic values are represented as direct point elasticity of the respective modes 
7.3.2  Elasticity of Waiting Time  
 
Table 7.5 lists elasticity of waiting time. As the direct and cross elasticities of 
bus waiting time for all modes are less than 1, they are relatively inelastic to waiting 
time. However, bus waiting time will impact more negatively on bus ridership than 
bus travel time in motion, as its elasticity is higher. 
Table 4.4 lists direct and cross elasticity of public transport waiting time for 
various cities. Comparing Dhaka’s elasticity of bus waiting time with those of 
developed countries’ megacities, Dhaka’s commuters are highly sensitive. It is 
surmised that when commuters are inside vehicles on congested roads they feel a 
sense of helplessness and know that on such a congested road they cannot shift to 
other modes, whereas excessive waiting for a bus enables commuters to choose 
different modes more easily.  
Table 7.5 Elasticity of Waiting Time 
Mode Bus PPT 
Bus -0.83 0.17 
Walk 0.38 0.06 
Car 0.65 0.22 
PPT 0.75 -0.42 
*Bold and italic values represent direct point elasticity of bus 
 
7.3.3  Elasticity of Total Cost 
 
Table 7.6 lists results for elasticity for total cost. As elasticity values are 
significantly less than 1, bus, walk, car and PPT are relatively inelastic to bus total 
cost. Litman (2014) stated that work trips are less price sensitive than other non-work 
trips.  
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Results here show that direct elasticity for total cost of car is greater than 1. 
Car is relatively highly elastic to total cost. Increasing total cost of car would 
increase relative utility of PPT more than other modes, as its elasticity value is 
greatest.  
  The result shows that elasticity of PPT is less than 1; therefore PPT is 
relatively inelastic to total cost.  
Table 4.3 lists direct and cross elasticity of travel cost of various modes for 
other cities. Compared with developed countries’ megacities, Dhaka has lesser 
absolute value of elasticity for travel cost of bus for work trip. In developed 
countries, commuters have other affordable options to choose for their work trip, 
which is a reasonable explanation of why they are more price sensitive than 
commuters in Dhaka. It is noteworthy that elasticity of travel cost of public transport 
for Tokyo is almost similar to Dhaka. The reason for this is as bus is one of the 
cheapest options in Dhaka compared to car and PPT, the majority of workers use bus 
for their work trip. There is a huge gap between the cost of bus and that of other 
modes. As a result those commuters who use bus are less sensitive to bus travel cost 
compared with other cities.  
Table 7.6 Elasticity of Total Cost 
Mode Bus  Car PPT 
Bus -0.03 0.13 0.16 
Walk 0.01 0.03 0.05 
Car 0.03 -1.32 0.22 
PPT 0.03 0.19 -0.37 
*Bold and italic values represent direct point elasticity  
7.4  SENSITIVITY ANALYSIS OF ELASTICITY	
A mode-choice model not only forecasts the mode-choice decision of people 
but also gives an indication of the likely effect of changes in the selected level of 
service variables, when all other attributes remain constant. Sensitivity analysis helps 
the understanding of an attribute’s influence on mode choice at an aggregate level. To 
understand how workers would react with an attribute, sensitivity analysis of an 
attribute has been carried out by keeping all other attributes fixed at their observed 
average values.  
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The sensitivity of elasticity of travel cost, travel time in motion and waiting 
time of bus are presented for the homogeneous group having the highest sample size 
at 169, being “Male, aged less than or equal to 35 years, no postgraduate degree with 
income above 5000 BDT”. To compare how travel attributes and travel pattern for 
work trips differ between male and female commuters, sensitivity analyses of the 
homogeneous group, “Female, aged less than or equal to 35 years, no postgraduate 
degree with income above 5000 BDT” (sample size 44) are also presented.   
7.4.1  Sensitivity of Elasticity of Bus Travel Cost   
 
Figures 7.3 (a) and 7.3 (b) illustrate the sensitivity of elasticity of bus travel 
cost for males and females respectively. Table 7.7 lists average values that have been 
fixed to determine the sensitivity of bus travel cost. Determination of sensitivity of 
travel cost of bus covers a range from the observed minimum value (5 BDT, 
approximately A$ 0.10) to the observed maximum value (95 BDT, approximately A$ 
1.40). The figures demonstrate that with the increasing bus travel cost, the 
probability of choosing bus for work trip decreases and other modes increase, most 
notably PPT.  
From figures 7.3 (a) and (b) it can be seen that even at significantly low travel 
cost, only about 50 percent of commuters choose bus. This may be because of the 
inconvenient and uncomfortable bus service in Dhaka. Section 5.6 discussed 
problems commuters are facing while travelling by different modes. However, the 
percentage change in probability of choosing bus is not very high with increasing bus 
travel cost. This may be because of unavailability of other affordable modes to which 
commuters may switch.  
  Table 7.7 Fixed Values for Determining Sensitivity of Travel Cost of Bus 
Attribute Average  Value 
Bus Travel Time in Motion 80 min 
Walk Travel Time in Motion 90 min 
Car Travel Time in Motion 30 min 
PPT Travel time in Motion 45 min 
Bus Waiting Time 30 min 
PPT Waiting Time 10 min 
Car Travel Cost 330 BDT (approximately A$5) 
PPT Travel Cost 110 BDT (approximately A$ 1.60) 
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(a) 
 
(b) 
 
Figure 7.3  Sensitivity Analysis of Elasticity of Bus Travel Cost of (a) Male 
Workers and (b) Female Workers aged less than or equal to 35 years, no 
postgraduate degree with income above 5000 BDT 
  
7.4.2  Sensitivity Analysis of Elasticity of Bus Travel Time in Motion  
 
To determine sensitivity of elasticity of bus travel time in motion, all other 
attributes such as travel cost of bus, car, and PPT, and walk, car, and PPT travel time 
in motion are fixed at their observed average values. These values are detailed in 
Table 7.8. Determination of sensitivity of elasticity of travel time in motion is made 
from observed minimum travel time in motion of bus (15 min) to observed maximum 
travel time in motion (175 min).  
Figure 7.4 (a) and (b) demonstrate sensitivity of elasticity of bus travel time 
in motion for male and female commuters respectively. It can be seen that both male 
and female bus commuters’ mode selection is relatively sensitive to bus travel time in 
motion. In Dhaka, bus travel time in motion is already extremely high. Therefore, if 
bus travel time motion increases over current conditions, commuters would react 
negatively and switch to other modes. Commuters who can afford to do so would 
switch to PPT, while others would walk to their work place. Cross elasticity of bus 
travel time in motion is highest for PPT.  
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Table 7.8 Fixed Values to Determine Sensitivity of Travel Time in Motion 
Attributes Fixed values 
Travel Cost of Bus 10 BDT (Approximately A$ 0.15) 
Travel Cost of Car 330 BDT (Approximately A$ 5) 
Travel Cost of PPT 110 BDT (Approximately A$ 1.60) 
Travel Time in Motion for Walk 90 min 
Travel Time in Motion for Car 30 min 
Travel Time in Motion PPT 45 min 
Waiting time for Bus 30 min 
Waiting time for PPT 10 min 
 
 
 
 
(a) (b) 
Figure 7.4 Sensitivity Analysis of Elasticity of Bus Travel Time in Motion (a) 
Male Workers and (b) Female Workers aged less than or equal to 35 years, no 
postgraduate degree with income above 5000 BDT 
7.4.3 Sensitivity Analysis of Bus Waiting Time 
 
 
To determine the sensitivity of bus waiting time, all attributes except bus 
waiting time are fixed at their average values. Table 7.9 lists the fixed values for 
determining the sensitivity to waiting time for bus. Sensitivity of bus waiting time 
has been carried out for a comparison of observed minimum bus waiting time (10 
min) to observed maximum bus waiting time (60 min).  
Figures 7.5 (a) and (b) illustrate a sensitivity analysis of bus waiting time for 
male and female commuters respectively. It can be seen that at average travel cost 
and travel time in motion, both categories of male and female commuters are 
relatively elastic to bus waiting time. With increased bus waiting time, commuters 
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who can afford to do so would switch to PPT or car, while others would switch to 
walk.  
Table 7.9 Fixed Values for Determining Sensitivity of Waiting time of Bus 
Attributes Fixed Values 
Travel Cost of Bus 10 BDT 
Travel Cost of Car 330 BDT 
Travel Cost of PPT 110 BDT 
Travel Time in motion for bus 80 min 
Travel Time if motion for walk 90 min 
Travel Time in motion for car 30 min 
Travel time in motion for PPT 45 min 
Waiting time for PPT 10 min 
 
 
 
 
 
(a) 
 
 
(b) 
Figure 7.5 Sensitivity Analysis of Elasticity of Bus Waiting Time of (a) Male 
Workers and (b) Female Workers aged less than or equal to 35 years, no 
postgraduate degree with income above 5000 BD 
 
7.4.4 Comparison between Male and Female Commuters’ in Sensitivity Analysis 
of Elasticity 
 
 The two homogeneous groups selected for the sensitivity analysis of elasticity 
each represent workers who are in the high income range but have no postgraduate 
qualification. For both groups, the probability of choosing car is insignificant, for 
which their education level may be a factor. As they do not have a postgraduate 
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qualification it can be anticipated that they are in the lower end of the high income 
range. 
Despite being in the same income category, difference in travel behaviour 
between male and female commuters as portrayed by this sensitivity analysis is 
distinct. Across the sensitivity analyses of travel cost, travel time in motion and 
waiting time, males are more likely to switch to PPT while females are more likely to 
switch to walk. Social factors may be partly responsible for this difference – women 
in this income level may have more pressing financial responsibilities than paying 
for their work commute, compared with their male counterparts, and/or they may feel 
less welcome to use PPT than their male counterparts.  
7.5  CHAPTER SUMMARY 
 The mode choice options for MNL model with the RP data are walk, 
bus, car and PPT. The attributes selected for the model are travel cost, travel time in 
motion, waiting time and social demographic characteristics, such as age, education, 
income and gender.  
The model with RP data reflects the current scenario of the work trip travel 
pattern for commuters in Dhaka. The model result shows that commuters are 
sensitive to the travel cost of bus for work trip. Increasing the travel cost of bus 
decreases the probability of selecting bus for their work trip. However, the 
percentage of change of probability shows that commuters are relatively less elastic 
to bus travel cost. Even at very low bus travel cost, for all commuters in Dhaka the 
probability of selecting bus for work trip does not increase significantly.  
The model result also shows that Dhaka’s commuters are sensitive to travel 
time in motion while traveling to the work place. Increasing travel time in motion 
would decrease the probability of choosing bus as their preferred commute mode. 
Decreasing bus waiting time significantly increases the mode share of bus. 
Sensitivity analysis showed that increasing waiting time for bus has a greater 
reduction in percentage of bus users compared to when increasing bus time in 
motion.  
Commuters’ mode choice decision varies with their gender, age, education 
and income for the work trip. Poor female commuters are the most vulnerable. The 
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findings of this analysis demonstrate that they are less able to afford to choose 
vehicular modes for their work trips. The model result showed that poor female 
commuters mostly walked to their work place. As was discussed in Section 5.6, this 
group suffers from acts of discrimination mostly while travelling on roads (discussed 
in the section 5.6).  
There are significant differences of mode choice behaviour between poor 
female commuters and female commuters who are not poor. Female commuters who 
are not poor are more able to afford to choose their commute mode compared with 
their poor counterparts. There are also differences between female and male 
commuters who are not poor. Overall female commuters use less expensive modes 
compared to their male counterparts for work trip.  
Age has an influence on workers mode-choice decision. Young commuters 
(age 35 or less) tend to choose less expensive and less comfortable modes for their 
work trip, irrespective of gender and educational qualifications. Young commuters 
have less financial stability and have more physical endurance to walk or to travel on 
crowded buses. However, for poor workers, age does not have any influence on their 
mode-choice decision.    
Commuters with higher educational qualifications have a greater tendency to 
choose a more comfortable and expensive mode compared with their lesser qualified 
counterparts. This can be explained because, in Dhaka, those who have higher 
educational qualifications usually earn more money. Commuters with higher 
educational qualification have more ability to afford to choose their commute mode.  
Car, bus, PPT and walk are relatively less sensitive to travel time in motion 
than waiting time. Among these modes, bus has the highest elasticity, which is 0.23, 
while other modes have about similar elasticity of about 0.15. Model results show 
that car is relatively elastic to car travel cost. Bus and PPT are relatively less elastic 
to waiting time. However, elasticity value of waiting time for bus is closer to 1.  
Sensitivity analysis of elasticity shows that commuters are sensitive to travel 
cost and travel time in motion. However, female commuters are relatively less elastic 
with travel time in motion than travel cost. Mode share of walk is higher for female 
commuters compared to male commuters. Male commuters are more likely switch to 
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PPT while female commuters are more likely switch to walk. On Dhaka’s roads, 
female commuters are the most disadvantaged. Female commuters who are not poor 
cannot enjoy the same kind of freedom as male workers in choosing their travel 
mode. This is mainly because of a sense of insecurity and safety while traveling by 
PPT. Female workers on a budget have a greater tendency towards saving money for 
family instead of spending for their own comfort.    
In developed countries’ megacities, elasticities of travel cost and travel time 
are higher than in Dhaka. An inefficient and ineffective transport system, and limited 
choice of modes that have similar levels of service and competitive cost, are 
considered to be the key reasons that make commuters in Dhaka less price sensitive. 
Results of this analysis also suggest Dhaka commuters are more sensitive to waiting 
time, compared with travel cost and travel time in motion. Findings from this 
analysis inform Chapter 9, which discusses overall challenges and opportunities of 
BRT in Dhaka. 
 
 
 
 
 
 
 
 
 
 
 
 
     Result for Model Calibrated with Preferred Mode Selection (PMS) Survey Data            150 
 
Chapter 8: Result for Model 
Calibrated with Preferred 
Mode Selection (PMS) 
Survey Data 
 
Chapter 6 provided the model result for a model developed with Revealed 
Preference (RP) data that portrays the actual travel behaviour of commuters in Dhaka 
in the current situation. A detailed description of the RP data was given in Chapter 5. 
The model calibrated with RP data provided commuters’ current travel behaviour for 
the work trip. The model result showed that for commuters in Dhaka, travel cost, 
travel time in motion and waiting time are the most significant variables in the mode 
choice decision for their work trip. The results also showed that age, income, gender 
and educational qualification have significant impact on commuters’ mode choice 
decision. However, the results do not give any indication of how commuters would 
be likely to react while traveling to work when a new transit facility, such as Bus 
Rapid Transit (BRT), comes into effect.  
 
This chapter provides a model framework and results using Preferred Mode 
Selection (PMS) survey data. Chapter 5 described the PMS survey. The model result 
with PMS survey data will help to understand how commuters’ travel pattern and 
mode-choice decisions for the work trip could change after BRT commences 
operation in Dhaka. The theoretical background of discrete choice modelling detailed 
in Chapter 4 applies to both models with RP and PMS data. The model with PMS 
data will contribute to answer all three research questions addressed in section 1.3 of 
Chapter 1.  
 
This chapter first gives a description of a Multinomial Logit model (MNL) then 
discusses estimated coefficients, model validation, elasticity, and sensitivity analysis 
of elasticity. 
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8.1  DESCRIPTION OF MULTINOMIAL LOGIT MODEL (MNL) 
CALIBRATED WITH SP DATA 
The individual’s mode-choice decision depends on the available choice set, the 
individual’s personal circumstances, the attributes of alternatives and decision rules 
they have for their choice decision. An MNL model is adopted for model calibration 
with the PMS data. In section 5.8, PMS survey design and methodology and key 
differences between PMS survey design adopted for this research and the standard 
PMS survey was discussed.  
8.1.1  Choice Set  
 
In section 5.8 of Chapter 5, detailed description of the PMS survey is provided. 
As the number of responses to some of the choices presented in the survey conducted 
for this study were negligible, and in some cases nil, some of the mode choices have 
been merged together into the following modes.  
1. Walk-BRT-Walk (WBW) and Walk-BRT-Rickshaw (WBR) with average 
comfort level merged together to represent the current on-street bus system 
2. WBW and WBR with good, better and best comfort levels merged together 
to represent the BRT system  
3. Rickshaw, CNG and car merged together and named as car and personalised 
public transport (CPPT) 
Choices of model calibration are: bus (including access mode), BRT (including 
access mode with comfort levels good, better and best), CPPT and walk. Figure 8.1 
illustrates the MNL model structure with the hypothetical choice set given in the 
PMS survey.  
 
Figure 8.1 Model Structure for MNL Model with PMS Survey Data for Work Trip 
 
Choices 
Bus  BRT CPPT Walk
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8.1.2  Attributes Used in the Model  
 
The model with RP data shows that gender, age, income, education, travel cost, 
and travel time in motion are the significant attributes for making mode choice 
decisions in Dhaka, which is discussed in Chapter 7. The attributes of total cost, 
travel time in motion, bus/BRT frequency, comfort levels of bus/BRT, income, age, 
and education have been used for model calibration with PMS data. However, bus 
frequency and comfort of both bus and BRT were found to be insignificant attributes. 
Generally bus users in Dhaka are from low and middle income category. The reasons 
for insignificant frequency and comfort values in the PMS model are attributed 
constrained affordability. Mostly Dhaka bus users would not have the opportunity to 
choose bus due to change of frequency and comfort because of their limited travel 
budget. In addition, waiting times for the bus and BRT were not available for PMS 
data. These attributes have consequently been omitted from the final model listed in 
Table 8.2. 
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Table 8.2 Attributes Used in the Model with PMS data 
 
8.2 DISCUSSION ON ESTIMATED COEFFICIENTS OF ATTRIBUTES 
Different trial models were calibrated with different combinations of attributes. 
The performances of these models were assessed based on their statistical 
significance, predictive ability and logical reasoning. Section 4.4 gives the theory of 
testing individual attributes. Table 8.3 presents the estimation result for the best 
calibrated model. 
 
 
 
 
Type of 
Attribute 
Attributes Description Variable 
State 
Coded 
Value 
Notati
on of 
Attrib
utes 
Generic 
Attributes 
Total Cost    ܶܥ 
Time in 
motion by any 
vehicle or time 
by walking 
Travel time and access 
time  
  ܶܶ 
 
 
 
 
 
 
 
 
Social 
Demogra
phic 
Attributes 
 
 
 
 
 
 
 
 
Income income less than or equal 
to 5000 BDT  (about A$ 
75) per month considered 
as Poor 
income more than 5000 
BDT per month 
considered as Not Poor. 
<=5000 
BDT 
1 ܫܰ 
>5000 
BDT 
0 
Gender Workers’ Gender identity Male 1 ܩ 
Female 0 
Education Postgraduate education 
means respondent has 
completed 1 or 2 year 
Master degree   
With 
postgradu
ate 
education 
1 ܲܩ  
 
 
Without 
postgradu
ate 
education 
0 
Age The sample is divided 
into age less than 35 
years and age above 35 
years 
<=35 
YEAR 
0 ܣ 
>35 
YEAR 
1 
Constant Walk , car and PPT Specific Constant ܣܵܥܥ2, ܣܵܥܥ3 and 	ܣܵܥܥ4 
respectively  
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Table 8.3 Model Estimation Result for Model Calibrated with PMS          
Survey Data 
Type of Variables Variables Coefficient Std. 
Err. 
t-ratio P-value 
Generic Variable Travel Time in Motion -0.0661 0.0215 3.0701 <0.01 
 Travel Cost -0.0240 0.0048 4.9720 <0.01 
Bus Postgraduate -2.3083 0.4495 5.1351 <0.01 
 Gender -0.6368 0.3679 1.7306 <0.01 
BRT Constant 0.8241 0.3822 2.1563 <0.01 
 Income 0_5000 -3.4973 0.7584 -4.6115 <0.01 
 Age Above 35 0.7129 0.3784 1.8842 <0.01 
CPPT Constant 0.7647 1.7094 0.4474 <0.01 
 Postgraduate 3.2335 1.0516 3.0749 <0.01 
 Age Above 35 2.0941 0.6264 3.3432 <0.01 
Walk Constant -2.3830 1.0176 2.3418 <0.01 
 Gender -1.7716 0.5935 -.9853 <0.01 
 Income 0_5000 3.9353 0.8039 4.8951 <0.01 
 Age Above 35 1.4890 0.5245 2.8392 <0.01 
Log Likelihood Function at Convergence with only Alternative-Specific Constants= 0 
Log Likelihood Function=-267.000 
Pseudo R2=0.43 
N= 426 
 
Equations 8.1, 8.2, 8.3 and 8.4 were found to be the most appropriate utility 
functions respectively for bus, BRT, CPPT and walk based on t statistics and the 
significance of attributes.  
ܷ௕௨௦ ൌ ݐݐ ∗ ܶܶ ൅ ݐܿ ∗ ܶܥ ൅ ݌݃1 ∗ ܲܩ ൅ ݃݁݊1 ∗ ܩ                                       Eq. 8.1       
ܷ஻ோ் 		ൌ ܣܵܥܥ2 ൅ ݐݐ ∗ ܶܶ ൅ ݐܿ ∗ ܶܥ ൅ ݅݊1 ∗ ܫܰ ൅ ܽ1 ∗ ܣ                           Eq. 8.2      
ܷ஼௉௉் ൌ ܣܵܥܥ3 ൅ ݐݐ ∗ ܶܶ ൅ ݐܿ ∗ ܶܥ ൅ ݌݃2 ∗ ܲܩ ൅ ܽ2 ∗ ܣ                         Eq. 8.3       
ܷௐ௔௟௞ ൌ ܣܵܥܥ4 ൅ ݐݐ ∗ ܶܶ ൅ ݃݁݊2 ∗ ܩ ൅ ݅݊2 ∗ ܫܰ ൅ ܽ3 ∗ ܣ                        Eq. 8.4      
  
Where,     
ܷ௕௨௦ =  utility function for bus 
ܷ஻ோ் =  utility function for BRT 
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ܷ஼௔௥&௉௉்= utility function for car & PPT 
ܷௐ௔௟௞= utility function for walk 
ܶܶ=  travel time in motion  
ܶܥ=  travel cost of the work trip 
ܲܩ=  postgraduate education  
ܩ=  gender  
ܫܰ=  income <=5000 BDT 
ܣ=  age above 35 Year 
ܣܵܥܥ2= constant for BRT 
ܣܵܥܥ3 = constant for CPPT 
ܣܵܥܥ4 = constant for Walk 
 
To maintain consistency with the RP model data, bus was used as the reference 
mode for model development. The model starts with the mode-specific travel cost 
and travel time in motion attributes. However, mode-specific travel cost and travel 
time in motion attributes were found to be insignificant. Therefore, the model 
calibration process used generic travel cost and travel time in motion attributes.  
In Table 8.3, coefficients of travel cost and travel time in motion have expected 
negative signs. Both attributes were considered significant as their t statistics were 
greater than 1.96 at 95% confidence level (Ortúzar and Willumsen, 2011). Increased 
values of travel cost and travel time in motion would decrease the utility of each 
respective mode. As Log Likelihood Function is more than critical χ2 value 
(discussed in section 8.3.1), model is better than base model (i.e., constant only 
model). Pseudo R2 0.43 also represent that model is satisfactory (discussed in section 
8.3.1). 
Postgraduate and gender are significant for the bus mode. The t statistic of 
gender is slightly less than 1.96. However, as in the RP model gender was found as 
an important attribute for bus mode, it has been included in the model calibrated with 
SP data. Both coefficients of postgraduate education and gender have a negative 
sign. Therefore, those who do not have postgraduate education and who are female 
are mostly the users of bus.  
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In the RP survey, most of the poor commuters stated that they could not afford to 
choose bus for their work trip. They also stated the bus fare they spent for their work 
trip. Based on this information, in the PMS survey bus fare was kept below the 
current bus fare. Those who are poor (income 0-5000 BDT) usually do not have a 
postgraduate education. As the postgraduate coefficient is negative for bus, it can be 
said those who are poor tend to use bus more than other available modes. Female 
commuters earn less than male commuters so that their capacity to spend more on the 
work trip is less than their male counterparts. As the coefficient of gender is 
negative, those who are female use bus more compared to their male counterparts.  
The t statistics of the income and age attributes are significant for BRT mode. As 
the coefficient of the income 0-5000 attribute is negative, those who are poor usually 
will not choose BRT. As BRT would be more expensive than bus, it is logical that 
poor commuters may not be able to afford to choose BRT for their work trip. 
Because mature age commuters are financially better off, their ability to afford BRT 
is greater. As the coefficient of age attribute for BRT mode is positive, mature age 
commuters are more likely to use BRT mode for their work trip.  
As the CPPT mode coefficient for postgraduate attribute is positive, those who 
have postgraduate education tend to choose CPPT mode. Those who have 
postgraduate education can better afford to choose CPPT. As the age coefficient for 
CPPT mode is positive, mature age workers who can afford choose car or PPT for 
the work trip are more likely to do so.  
As the coefficient of gender for walk mode is negative, female commuters tend 
to choose walk. Furthermore, as the income 0-5000 coefficient for walk mode is 
positive, those who are poor tend to choose walk more than other modes. The age 
coefficient for walk mode is positive so that those who are above the age of 35 would 
choose walk for the work trip. This can be explained by the SP survey, which stated 
that walking conditions will be improved in the hypothetical BRT scenario.  
Therefore, it can be said that poor female workers aged above 35 years would choose 
walk more often compared with other groups of worker.   
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8.3  MODEL VALIDATION 
This section discusses model validation, includes the overall significance of the 
model, the prediction ability of the estimated model, and the correct prediction 
ability of the model.  
8.3.1  Overall Significance of Model  
 
To determine the overall significance of the model with SP data, a Log 
Likelihood Ratio test (-2LL test) was conducted. In Section 4.4.2 detailed description 
of  the Log Likelihood Ratio test was provided. If the -2LL value is less than Critical 
Chi Square (χ2) value at the 95% confidence level, then the null hypothesis cannot be 
rejected (model is no better than the base model) (Almasri and Alraee, 2013). If the   
-2LL value is more than the Critical χ2 value at 95% confidence level, then null 
hypothesis can be rejected (model is better than the base mode) (Almasri and Alraee, 
2013).  
The -2LL value was determined to equal 396 while the Critical χ2 value was 
determined to equal 19.68 with 11 degrees of freedom at the 5 percent level of 
significance (α  = 0.05). If -2LL value is greater than the Critical χ2 value, then the 
fitted model is better than the constant only model.  
Section 4.4.3 provided theoretical background of Pseudo R2. Figure 4.1 showed 
the comparison between Pseudo R2 and Linear R2 (Hensher et al., 2005). The Pseudo 
R2 value of the model was found to be 0.43, which is equivalent to about 0.80 of 
Linear R2. The result therefore shows that this model is significant.  
8.3.2  Predictive Ability of Estimated Model  
 
A comparison of the preferred mode share in the PMS survey and the predicted 
mode share by the PMS mode choice model can provide the understanding of how 
the estimated model is performing. In this section preferred mode share is the 
selected mode share by PMS respondents in the PMS survey. Therefore, the actual 
mode share data for understanding predictive ability of the RP model (section 7.2.2) 
is different than the preferred mode share data used to understand the predictive 
ability of PMS model. By comparing the actual mode shares with the predicted 
shares, the relative predictive abilities of the models can be determined (Train, 1978; 
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Horowitz, 1985). In the Table 8.5 Root Mean Square Error (RMSE) values for model 
application on different homogenous groups of commuters are listed and compared 
with the RMSE value obtained from McFadden et al. (1977) and Train (1978). 
Section 7.2.3 discussed RMSE. In Section 4.4.1, the theory behind calculating 
predictive ability of the estimated model is discussed. For this research the 
comparison between the preferred mode share and the predicted mode share was 
done in two ways:  
a. Applying utility functions over all individuals with their actual attributes, 
and 
b. Applying utility functions on homogeneous groups of workers with sample 
average mode specific attributes 
 
a. Applying utility function over all individuals with their actual attribute 
Figure 8.2 illustrates the comparison between preferred and predicted mode share 
of the estimated model when the utility function is applied over all individuals with 
their actual observed mode specific attributes. The results in Figure 8.2 show that the 
model:  
‐ underpredicts bus mode share to 2% less than actual mode share; 
‐ underpredicts BRT mode share to 9% less than actual mode share;  
‐ overpredicts CPPT to 3% greater than actual mode share; and  
‐ overpredicts walk to 8% greater than actual mode share.   
 
Model results show that there are no significant differences between preferred and 
predicted mode share of bus and CPPT as the difference between prediction and 
preferred mode share ranges from 2% to 3%. This range is similar to Mcfadden et el. 
(1977) model’s over prediction and under prediction range (from 0.1% to 4%). 
However the differences between preferred and predicted mode share of both BRT 
and walk are more than 5%, which is more than McFadden et el. (1977) model’s over 
prediction and under prediction range.  
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Figure 8.2  Comparison of Preferred and Predicted Mode Share when Utility 
Function is applied over all individuals with their actual attribute 
b. Applying utility function on a homogeneous group of workers with sample 
average mode specific attributes 
Figure 8.3 illustrates the preferred mode share and the predicted mode share of 
‘poor female without postgraduate education aged less than or equal to 35’. The 
sample number of this group is 62. Figure 8.3 shows the differences between the 
chosen mode share and predicted mode share are small. Comparison shows that the 
model:   
‐ underpredicts bus mode share to 2% less than chosen mode share; 
‐ overpredicts walk mode share to 2% greater than chosen mode share;  
‐ predicts BRT mode share accurately to chosen mode share; and 
‐ predicts CPPT mode share accurately to chosen mode share. 
 
Figure 8.3 shows that differences between preferred and predicted mode share 
ranges from 0.03% to 2%. This difference is similar to McFadden et al. (1977) 
model. Comparing Figure 8.2 and Figure 8.3 show that when utility functions are 
applied on a homogeneous group of commuters with sample average, the model 
predicts more accurately than utility function applied over all individuals with their 
actual attributes.   
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Figure 8.3 Comparing Preferred and Predicted Mode Share when Utility 
Function is applied on a homogeneous Groups of Workers 
8.3.3 Model’s Level of Accuracy   
 
The predictive ability of the model can be portrayed from the comparison 
between predicted choice and preferred choice. To understand model’s predictive 
ability, RMSE for model application on different homogeneous groups of workers 
are calculated. Table 8.4 lists the RMSE of model for application of utility function 
on different homogeneous groups of commuters. McFadden et al. (1977), and Train 
(1978) found in their research that their best predictive model has RMSE 9.534. 
Result and discussion proves that the model’s level of accuracy is acceptable for 
prediction. Model’s predictability is also more when utility functions are applied to 
homogeneous sample groups with a decent sample size. 
Table 8.4  Root Mean Square Error for the Model 
Different Set for application of utility 
function 
Number 
(n) 
Root Mean Square 
Error 
utility functions applied to all individual with 
their actual attributes 
462 13.00 
 
Poor female without postgraduate education 
aged less than or equal to 35 
62 2.78 
8.4  ELASTICITY OF ATTRIBUTES 
 Changing an attribute will change the probability of an alternative. Responses 
for change of attributes of an alternative can be measured by the elasticity. The detail 
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of elasticity is given in section 4.5. In the following section, elasticity of travel time 
in motion and travel cost are discussed.  
8.4.1  Elasticity of Travel Time in Motion  
 
Table 8.5 lists elasticity of travel time in motion for all modes. For instance, a 
1% increase of bus travel time in motion will: 
 decrease the probability of selecting bus by 0.63,   
 increase the probability of selecting BRT by 0.19%, 
 increase the probability of selecting CPPT by 0.06%, and 
 increase the probability of selecting walk by 0.50%. 
 
As the model is significant at 95% confidence, elasticity values less than 1 reflect 
that all modes are relatively inelastic for the attribute travel time in motion. This is 
justifiable as this represents only the work trip. Work trip is less elastic than other 
trip purposes (Litman, 2013). In the PMS survey, bus is the cheapest mode of 
transport. According to the discussion in section 8.2, it was known that those who are 
poor tend to choose bus more than others. Travelling by BRT and CPPT is more 
expensive compared to bus. As a consequence, very low percentages of commuters 
would shift to BRT and CPPT for the work trip. Walk has the maximum cross 
elasticity for bus travel time in motion.  Thus, for increasing bus travel time in 
motion the relative utility for walk will increase by the greatest amount compared to 
other modes.  
Table 4.2 listed elasticity value for bus in vehicle travel time and total travel time 
for other cities.  Direct and cross elasticity values for bus travel time in motion in the 
model calibrated with PMS data are similar to elasticity value for bus in vehicle 
travel time for developed cities. However, elasticity value for bus travel time in 
motion in the model calibrated with RP data is lower to the elasticity value for bus in 
the model calibrated with PMS data. It can be anticipated that elasticity values for 
bus in vehicle travel time in the developed countries’ cities are higher because they 
have more transport options to switch to, if bus in vehicle travel time increases. In 
the PMS survey, commuters were also provided with better transport options for the 
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work trip. As a result, elasticity value for bus travel time in motion is higher in the 
model calibrated with PMS data.  
A 1% increase of BRT travel time in motion will: 
 decrease the probability of choosing BRT by 0.37%, 
 increase the probability of choosing bus by 0.47% 
 increase the probability of choosing CPPT 0.75%, and  
 increase the probability of choosing walk by 0.06% 
 
Elasticity values less than 1 reflect that all modes are relatively inelastic for BRT 
travel time in motion. However, cross elasticity value of CPPT is closer to 1. Those 
who are not poor mainly use BRT. Among BRT users, those who have more 
affordability would shift to CPPT if travel time of BRT increases. Workers who find 
transport less affordable would shift to bus if travel time in motion of BRT increases. 
As expected, not many commuters would shift to the walk option while traveling to 
the work place.  
From Table 4.2 it can be seen that people are relatively elastic with BRT travel 
time in the developed countries’ cities. Contrarily, the PMS model result showed that 
Dhaka commuters are slightly elastic with BRT travel time in motion. This can be 
explained due to the fact that in developed countries, people have more travel options 
and affordability, so they can switch to other modes of transport easily with the 
increase BRT travel time. In the PMS scenario BRT travel time in motion is less 
compared to bus and BRT cost is low compared to CPPT. However, in the PMS 
survey, BRT was presented with different levels of comfort. As a result, workers 
who can afford it perceive more utility from BRT compared to bus and CPPT. 
Because of these reasons, it can be anticipated that workers are slightly elastic with 
BRT travel time in motion.   
 A 1% increase of CPPT travel time in motion will:  
 decrease the probability to choose CPPT by 0.45%,  
 increase the probability to choose bus by 0.01%,  
 increase the probability to choose BRT by 0.05%, and  
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 increase the probability to choose walk by 0.01%. 
 
As direct elasticity and cross elasticity values are less than 1, the modes are relatively 
less elastic for travel time in motion of CPPT. Increasing CPPT travel time in motion 
will increase the percentages of BRT more, compared to bus and walk.  
In the model calibrated with RP data, car and PPT are separate modes. The 
elasticity of car and PPT travel time in motion for the model calibrated with RP data 
are respectively 0.16% and 0.17% (Table 7.4). In Table 4.2, elasticity values of in 
vehicle travel time for car are listed for different cities. Even though elasticity of car 
in vehicle travel time for other cities does not include PPT, still it can give indicative 
comparisons for elasticity of car & PPT travel time in motion of PMS model. For the 
developed countries’ megacities, elasticity of car in vehicle travel time ranges from 
0.23% to 0.64%. The elasticity of CPPT travel time in motion is very similar to the 
elasticity value of car travel time in motion for developed countries’ megacities. This 
can be explained because in the PMS survey commuters were given very improved 
transport scenario with different transport options, like in developed countries’ 
megacities, commuters are relatively more sensitive to CPPT travel time in motion 
compared to current transport situation. 
A 1% increase of walk travel time in motion will:  
 decrease the probability to choose walk by about 1.3%, 
 increase the probability to choose bus by 0.63%,  
 increase the probability to choose BRT by 0.03%, and  
 increase the probability to choose CPPT by 0.04%.  
 
Walk is relatively elastic with walk travel time in motion as the elasticity value is 
more than 1. Commuters are slightly elastic with walk travel time for bus mode. 
However, commuters are very inelastic with walk travel time for BRT and CPPT. 
Those who travel to work by walk usually are poor. Poor commuters, because for 
them travel is less affordable, cannot switch to CPPT or BRT. Among the poor 
commuters, those who can afford would shift to bus as bus is the cheapest travel 
option after walk.   
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In the model calibrated with RP data, workers are relatively inelastic with walk 
travel time in motion (Table 7.4). However, PMS survey results showed that 
commuters are relatively elastic with walk travel time in motion. In some developed 
countries’ cities, such as in Minneapolis, elasticity of walk travel time for walk varies 
from 0.14% to 0.26% (Table 4.2). Minneapolis has a good transport system. As a 
result, less elasticity value of walk travel time in Minneapolis reflects people’s 
positive attitudes toward walk. In the PMS scenario bus travel cost is less compared 
to the RP scenario. Thus, it can be concluded that workers will be more sensitive in 
the PMS scenario if walk travel time in motion increases, and they will be switching 
to bus mode for their work trip.  
Table 8.5  Elasticity of Travel Time in Motion 
Mode Bus BRT Car &PPT Walk  
Bus -0.63 0.47 0.01  0.63  
BRT 0.19 -0.37 0.05   0.03  
Car & PPT 0.06 0.75 -0.45   0.04   
Walk 0.50 0.06 0.01     -1.38   
*Bold values indicate Direct Point Elasticity of the respective modes 
 
8.4.2  Elasticity of Travel Cost  
 
Table 8.6 lists the elasticity of travel cost of bus, BRT and CPPT. Results show 
that 1% increase of bus travel cost will:  
 decrease the probability to choose bus by 0.07%, 
 increase the probability to choose BRT by 0.02%, 
 increase the probability of CPPT by 0.01%, and  
 increase the probability of walk by 0.05%.  
 
Direct and cross elasticity values of bus travel cost are less than 1 and very close 
to 0. Therefore, bus, BRT, CPPT and walk are relatively inelastic for bus travel cost. 
In the PMS survey, bus travel cost is presented as lower than the current travel cost. 
As a result, those commuters who can afford bus for the work trip are not relatively 
elastic with bus travel cost. From the result, it can be seen that walk mode share will 
increase to the maximum with increasing bus travel cost. Travel cost of BRT and 
CPPT are comparatively higher than bus. As a consequence, most of the bus users 
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who cannot afford an increased bus fare will not be switching to BRT and CPPT. 
However, very insignificant percentages will shift to BRT and CPPT in response to 
increased bus travel cost, valuing better service at the same cost.   
Table 7.6 provided elasticity of travel cost of bus from the model calibrated with 
RP data. The result shows that there is not much difference between elasticity value 
from RP and PMS model. In Table 4.3, elasticity of travel cost for other cities was 
listed. Direct elasticity value of travel cost of bus from developed countries’ cities 
varies from 0.15 to 0.65. Elasticity value of travel cost of bus for bus mode is lower 
than other cities. Bus is already one of the cheapest modes of transport for workers. 
As a consequence, commuters are relatively inelastic with the travel cost of bus in 
Dhaka compared to other cities.  
Results in Table 8.6 show that 1% increase of BRT travel cost will:  
 decrease the probability of BRT by 0.19%, 
 increase the probability of bus by 0.23%, 
 increase the probability of CPPT by 0.41%, and  
 increase the probability of walk by 0.03%. 
 
The direct and cross elasticity of BRT travel cost is less than 1. Therefore, all modes 
are relatively inelastic with BRT travel cost. The result shows that increased BRT 
travel cost will increase the probability of CPPT most. As the cost of CPPT will not 
increase, workers would perceive that they will get the same or more utility by using 
car with the same amount of money they were spending before for their work trip. As 
expected, the mode share of walk will increase very insignificantly. 
From Table 4.3 it can be seen that for Chicago elasticity of travel cost of BRT is 
0.17%.  Elasticity value for Dhaka and Chicago are very similar. It can be explained, 
because as commuters will get the benefits of improved BRT service, they are 
inelastic with BRT travel cost. Commuters would perceive that the advantages they 
get from BRT are more, compared to the cost of BRT.  
Results in Table 8.6 show that 1% increase of CPPT travel cost will:  
 decrease the probability of CPPT by 3.61% 
 increase the probability of bus  by 0.09%,  
     Result for Model Calibrated with Preferred Mode Selection (PMS) Survey Data            166 
 
 increase the probability of BRT by 0.43% 
 increase the probability of walk by 0.05%. 
 
As the direct elasticity of CPPT cost is greater than 1, CPPT is relatively elastic with 
its travel cost. CPPT is the most expensive travel option for Dhaka. Workers will not 
be paying more if CPPT costs increase. The result shows that with the increased 
CPPT cost, the probability of BRT will increase the most. In the PMS survey, 
commuters have a more improved BRT travel option. It can be explained that those 
who travel by CPPT would perceive more utility from the BRT service, rather than 
paying extra money for CPPT.   
Comparison with the elasticity value of car travel cost and PPT travel cost from 
the RP model (Table 7.6), shows that in the model calibrated with PMS data 
elasticity value of travel cost of CPPT is significantly high. This is mainly because 
there is an availability of improved travel options in the PMS survey scenario. Direct 
elasticity of travel cost of car for other cities showed that the values range from 
0.23% to 0.32%. For Tokyo, this value is as low as 0.06%. Therefore, it can be said 
that in developed countries’ cities, people are less sensitive to car travel cost than in 
Dhaka. In Dhaka car owning, operation, and management costs are very high. Very 
limited numbers of commuters in Dhaka can afford to own a car. As a result, when 
commuters have other improved travel options they are reluctant to pay more for car 
travel costs.  
Table 8.6 Elasticity of Travel Cost 
Mode Bus BRT CPPT 
Bus -0.07 0.23 0.09 
BRT 0.02 -0.19 0.43 
Car & PPT 0.01 0.41 -3.61  
Walk 0.05 0.03 0.05 
*Bold values indicate direct point elasticity 
 
 
8.5  SENSITIVITY ANALYSIS OF ELASTICITY 
 
Sensitivity analysis of elasticity helps to understand how commuters would react 
to changing attributes. Sensitivity analysis of an attribute has been carried out by 
keeping all other attributes fixed at their average value. In this section, sensitivity 
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analysis of travel time and travel cost for bus and BRT has been analysed for a 
homogeneous group that has a maximum sample. The grouping “males, aged less 
than or equal to 35 years, no postgraduate degree with income above 5000” has 
the maximum sample size (79) among all groups.  However, even though the female 
counterpart of this group has a small sample number (19), to understand the travel 
difference, the sensitivity analysis been carried out for female workers of this group 
as well.  
8.5.1  Sensitivity of Elasticity of Bus Travel Time in Motion  
 
Figure 8.4 (a) and (b) illustrate the sensitivity to bus travel time in motion for 
male and female commuters respectively. To determine the sensitivity of the travel 
time in motion of bus, travel time in motion for all modes except bus, and travel cost 
of all modes, they are kept at their average values. Table 8.7 lists the average values 
that have been fixed to determine the sensitivity of bus travel cost. Determination of 
sensitivity of travel cost of bus is carried out from the minimum value of travel time 
in motion of bus (5 min) to maximum value of travel time in motion of bus (105 
min).  
Comparisons of figure 8.4 (a) and (b) show that probability of BRT share is more 
for male commuters.  Female commuters are less sensitive to bus travel time in 
motion compared to their male counterparts. The reason for this may be female 
commuters’ financial burden.    
Table 8.7 Fixed Values for Determining Sensitivity of Travel Time in  
Motion of Bus 
Attribute Average Value/ Fixed Value 
 
Travel time in motion of BRT 22 min 
Travel Time in Motion of Car & PPT 12 min 
Travel Time in Motion of Walk 45 min 
Travel Cost of Bus 5 BDT 
Travel cost of BRT 28 BDT 
Travel Cost of Car & PPT 300 BDT 
 
 
 
 
     Result for Model Calibrated with Preferred Mode Selection (PMS) Survey Data            168 
 
 
 
(a) 
 
 
 
 
(b) 
Figure 8.4 Sensitivity Analysis of Elasticity of Bus Travel Time in Motion of 
(a) Male and (b) Female commuters aged less than or equal to 35 years, no 
postgraduate degree with income above 5000 BDT 
8.5.2  Sensitivity of Elasticity of Travel Cost of Bus 
 
Figure 8.5(a) and (b) are the illustrations of the sensitivity analysis of bus travel 
costs for male and female commuters respectively. To determine the sensitivity of 
travel cost of bus, except for travel cost of bus, all other attributes kept as fixed at 
their average values. Table 8.8 lists fixed values to determine sensitivity of elasticity 
of travel cost of bus. Sensitivity analysis has been carried out for the possible 
minimum cost of bus and maximum cost of bus when the probability of bus is very 
low.  
 
Figure 8.5 (a) and (b) demonstrate that even though with an increase of bus 
travel cost both male and female workers switch to BRT, BRT mode share gains 
more for male workers. Similar to the RP model discussed in Chapter 7, the PMS 
model result also shows females’ attitude of spending less money for their own 
personal travel comfort, compared to their counterpart in the same homogeneous 
group.  
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Table 8.8 Fixed Values for Deterring Sensitivity of Travel Cost of Bus 
Attribute Average Value/ Fixed Value 
 
Travel time in motion of bus 18 min 
Travel time in motion of BRT 22 min 
Travel Time in Motion of Car & PPT 12 min 
Travel Time in Motion of Walk 45 min 
Travel cost of BRT 28 BDT 
Travel Cost of Car & PPT 300 BDT 
 
 
 
 
 
 
(a) 
 
(b) 
 
 
Figure 8.5 Sensitivity Analysis of Elasticity of Bus Travel Cost of (a) Male 
and (b) Female Commuters aged less than or equal to 35 years, no postgraduate 
degree with income above 5000 BDT
8.5.3  Sensitivity of Elasticity of Travel Time in Motion of BRT 
  
Figure 8.6(a) and (b) are individual illustrations of the sensitivity of travel time 
in motion of BRT for bus, BRT, CPPT and walk for male and female commuters 
respectively. To determine the sensitivity of travel time in motion of BRT, except 
travel time in motion of BRT, all other attributes are kept fixed at their average 
value. Table 8.9 lists the fixed values for determination of sensitivity of elasticity of 
travel time in motion of BRT.  
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Comparisons of Figure 8.6 (a) and (b) demonstrate that male and female 
commuters are almost similarly sensitive to BRT travel time in motion. However, the 
probability of mode share of BRT is slightly higher for male compared to female 
commuters. Female commuters’ attitude not to spend more money for their own 
personal comfort is the reason for less sensitivity of BRT travel time in motion 
compared to male commuters. 
 
Table 8.9  Fixed Values for Determining Sensitivity of BRT  
Travel Time in Motion  
Attribute Average Value/ Fixed Value 
 
Travel time in motion of bus 18 min 
Travel Time in Motion of Car & PPT 12 min 
Travel Time in Motion of Walk 45 min 
Travel Cost of bus  5 BDT 
Travel cost of BRT 28 BDT 
Travel Cost of Car & PPT 300 BDT 
 
 
 
 
 
(a) 
 
 
 
(b) 
 
 
Figure 8.6 Sensitivity Analysis of Elasticity of BRT Travel Time in Motion of 
(a) Male and (b) Female Commuters aged less than or equal to 35 years, no 
postgraduate degree with income above 5000 BDT 
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8.5.4  Sensitivity of Elasticity of BRT Travel Cost  
 
Figures 8.7(a) and (b) are illustrations of sensitivity of elasticity of BRT travel 
cost for male and female commuters respectively. To determine the sensitivity of 
BRT cost except travel cost of BRT, all other attributes were kept fixed at their 
average values, as shown in Table 8.10.  
Comparisons of Figure 8.7 (a) and (b) demonstrate that female commuters are 
more sensitive to BRT travel cost compared to their male counterparts. This again 
supports the RP model result that in Dhaka, female commuters face more financial 
burden in that they spend less for their travel comfort.  
Table 8.10  Fixed Values for Determining Sensitivity of BRT Travel Time 
Cost  
Attribute Average Value/ Fixed Value 
 
Travel time in motion of bus 18 min 
Travel time in motion of BRT 22 min 
Travel Time in Motion of Car & PPT 12 min 
Travel Time in Motion of Walk 45 min 
Travel Cost of bus  5 BDT 
Travel Cost of CPPT 300 BDT 
 
 
 
(a) 
 
 
(b) 
 
 
Figure 8.7 Sensitivity Analysis of Elasticity of BRT Travel Cost of (a) Male 
and (b) Female Commuters aged less than or equal to 35 years, no postgraduate 
degree with income above 5000 BDT 
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8.5.5  Comparison between Male and Female Commuters in Sensitivity 
Analysis of Elasticity  
 
 From the sensitivity analysis, it is evident that male commuters are slightly 
more sensitive to bus travel time in motion, bus travel cost, BRT travel time in 
motion and BRT travel cost. The RP model reveals that female commuters tend more 
to switch to walk, compared to male commuters. However, in the PMS survey, 
female commuters’ situation improved as the travel difference between male and 
female commuters are not significantly different.  
Even though not significant, still the male commuter group overall chose BRT at 
the reduction of bus travel time in motion and travel cost, more so than the female 
commuter group. The reasons for this may be either (or both) females could be more 
risk averse to switching from the existing bus mode to the BRT mode than males, or 
another reason can be the nature of the survey design in that male respondents might 
have gained a better understanding of the benefits of BRT over bus, either through 
the way the survey questionnaire was provided to them, or their prior knowledge of 
the BRT proposal compared with females. However, it is still important that there is 
a distinctly different choice between males and females regarding BRT and bus, 
either through these direct or confounding factors. 
8.6  CHAPTER SUMMARY 
Travel behaviour of commuters in Dhaka for the work trip is highly influenced 
by travel cost, travel time in motion, income, age, education level and gender. 
Increasing travel time in motion and travel cost would reduce the number of users of 
that respective mode. The commuters in Dhaka who have greater income, a higher 
education level and a greater age, usually choose more expensive modes of transport 
for their work trip.                                                                                                                                  
The model’s significance and predictive ability, as discussed in section 8.3, 
proves that its accuracy is far better than the expectation. The model result shows 
that BRT would be readily acceptable by the commuters in Dhaka.  
Chapter 7 of this thesis gives details of Mode Choice Model with RP data, 
which replicate the current travel pattern of workers in Dhaka. Comparing mode 
choice model result with RP and PMS data shows that there is significant change in 
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travel patterns for workers after BRT and normal buses with reduced fare run along 
with BRT services. Poor commuters under present conditions walk long distances for 
their work trip. But travel patterns at hypothetical BRT scenario shows that they 
would have to balance between walk and bus for mode share for their work trip. The 
model result with RP data shows that at the current scenario, PPT is also extensively 
used by the commuters who have higher income and car is extensively used by the 
commuters who are at the high end of the high income range. Once BRT is 
implemented, CPPT mode share would decrease tremendously because many 
commuters who use their own car or exclusively PPT for work trips in the current 
scenario would be shifted to BRT.  
Use of rickshaw and CNG should be encouraged as access modes instead of 
the main mode for work trips. Model results show workers themselves may not use 
these modes as widely as they use others at present. Even though walking conditions 
would be improved once BRT is implemented, with the exception of poor workers, 
no other category of workers would walk to their work place. So, commuters who 
live near to their work place should be encouraged to walk.  
Comparison of elasticity value between Dhaka and developed countries’ 
megacities showed similarities and differences of impact of change of attributes in 
the hypothetical BRT scenario. The presence of a good transport system in the 
hypothetical BRT scenario makes Dhaka commuters relatively more elastic with 
respect to bus travel time in motion. In a developed country’s megacity, people are 
also relatively more elastic with respect to bus travel time in motion. If bus travel 
time in motion increases, those who can afford it would switch to BRT and those 
who cannot would switch to walk mode. However, Dhaka commuters are very 
inelastic with general bus travel cost compared to those of developed countries cities. 
This may be because in the BRT scenario, bus cost is considered as very low.  
Interestingly, because of less wealth and the high cost of other modes, Dhaka 
commuters who would use BRT will be relatively less elastic with BRT travel time 
in motion and travel cost. Contrarily in the developed countries’ megacities, people 
are relatively elastic with BRT or rapid transit travel time. However, in developed 
countries’ megacities, commuters are relatively less elastic with respect to BRT or 
rapid transit travel cost.  
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In Dhaka, those who use CPPT for their work trip would not change to other 
modes even if CPPT travel time in motion increased. Contrarily as Dhaka commuters 
are highly elastic with CPPT travel cost, they would react significantly in a negative 
manner with the increased CPPT travel cost. However, in the developed countries’ 
megacity, people would react negatively with the increased car travel time in motion 
as they are relatively elastic with car & PPT travel time.   
Dhaka commuters are highly elastic with walk travel time. On the contrary, in 
developed countries’ megacities, people show a more positive attitude toward walk 
as they are relatively less elastic with walk travel time. People in developed countries 
treat walking as a way of doing physical exercises (not only a transport mode), while 
people in Dhaka treat walking as purely a transport mode. 
Sensitivity analysis of elasticity shows that female commuters’ travel 
behaviour changes after BRT is implemented. The model result with RP data showed 
that female commuters tend to switch to walk if bus travel time in motion and bus 
travel cost increase. Contrarily, the model result with PMS data showed that female 
commuters tend to use bus or BRT. However, female commuters are relatively less 
elastic with travel time in motion and travel cost. This is mainly because of their 
financial hardship and tendency to save more money for the family.  
Chapter 9 of this thesis will detail the challenges that Dhaka may face during 
BRT implementation and operation. The model result with the RP data replicated 
current scenario provided information about necessary changes from the 
stakeholders’ (i.e., passengers) perspective. The model result with PMS data shows 
how BRT implementation would affect their travel pattern. So the modelling result 
will give information on very specific passengers’ individual demand. Challenges 
that will be discussed in Chapter 9 provide information from a broader perspective 
about obstacles that should be overcome for the BRT to be acceptable to the workers.  
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Chapter 9: Challenges and 
Opportunities of Bus 
Rapid Transit 
 
The prime objective of this thesis is to investigate the uptake of a high quality 
Bus Rapid Transit (BRT) service by commuters in a developing country’s megacity, 
using Dhaka, Bangladesh as a case study. Chapter 3 described some notable BRT 
systems in Curitiba, Bogota, Santiago, Jakarta, Beijing, Ottawa and Brisbane. 
Review and analysis provided lessons applicable to the planning and implementation 
of BRT in any large city. Analysis from these model cities’ BRT systems revealed 
that BRT success factors can be divided into four categories: institutional, 
infrastructural, design and planning, and social. Figure 3.1 illustrated a logical 
diagram of factors behind the success of BRT in the model cities. Each city has 
unique characteristics. Therefore, a successful BRT system of any particular city may 
not be directly replicable to another or acceptable to its inhabitants. However, lessons 
from other cities can provide an indication of the challenges that a city may face in 
implementing BRT.   
Chapter 2 reviewed Dhaka’s existing transport sector. Many authorities are 
responsible for various aspects of transport service provision to Dhaka’s residents. 
From Section 2.2 it is evident that, even though Dhaka’s transport and urban 
development are planned and documented, the transport system has not been 
developed sufficiently to meet the transport demand of residents, due to many 
challenges.    
 
Chapter 5 detailed a survey of Dhaka commuters, where workers stated 
problems that they faced in making their work trip, the reasons behind choosing or 
not choosing certain modes, and the reasons behind certain pessimistic attitudes 
towards BRT.  
 
Chapter 6 analysed work travel conditions in Dhaka by gender. Analysis of 
survey data provided evidence that work travel conditions vary greatly between male 
and female commuters.  
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Chapter 7 examined commuters’ travel behaviour under current conditions 
using a mode choice modelling approach. Chapter 8 provided an indication of how 
workers’ travel patterns and mode choice decisions may change should BRT 
commence operation.                                                                                                                               
 
This chapter will consolidate the findings of earlier chapters and analyse 
information gathered from the literature review in order to address the challenges and 
opportunities of BRT in Dhaka from institutional, infrastructural, design and 
planning and social standpoints.   
9.1 CONSIDERATION OF SUCCESS FACTORS WITH RESPECT TO BRT 
IN DHAKA 
This section considers factors identified from model cities’ BRT examples 
discussed in Chapter 3 with respect to Dhaka’s transport environment to identify the 
challenges and opportunities that the Bangladesh Government may face while 
implementing BRT.  
9.1.1 Institutional Factors  
 
The literature review in section 2.4 revealed that institutional arrangements 
for the transport and traffic sector in Dhaka are significantly weak. According to the 
World Bank, Dhaka’s fragmented institutional framework has not been able to 
achieve a balanced and coordinated transport system (World Bank, 2009). For 
example, both Dhaka City Corporation (DCC) and Rajdhani Unnayan Kartipokhkho 
(RAJUK) are responsible for city development, road widening, and recreational 
facility development. According to Basu et al. (2012), in 2003, the World Bank 
withdrew nearly 50 percent of the US$ 220 million (A$ 285 million) allocated for the 
development of transport infrastructure in Dhaka from Dhaka City Corporation 
(DCC) and Roads and Highways Department (RHD). It is postulated that lack of 
coordination between DCC and RHD is the main reason for this. Some of the 
Strategic Transport Plan (STP) elements had not started at the specified time due to 
institutional weaknesses (Sultana, 2013). For instance, the first phase of BRT was 
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planned to commence operation by 2009, but in 2013 only the feasibility study for 
the BRT had been completed.  
Section 5.6 identified survey respondents’ challenges for the work trip. Bus 
overcrowding, high fares compared to quality of service and the poor interior 
condition of buses are some of the major problems faced by bus users. The limited 
administrative framework of Dhaka may not be able to manage these problems. 
Some respondents stated that the whole governmental system should be changed 
because BRT may not work efficiently under the current system. Some went on 
further to state that they believe the government has no intention of changing the 
transport system, or that they do not have trust in the government. 
Recently, the World Bank has cancelled a US$ 1.2 billion (A$ 1.5 billion) 
International Development Association (IDA) credit for construction of the Padma 
Bridge in Bangladesh as they found evidence of corruption in the project (The World 
Bank, 2012). 
It is postulated here that political instability could be a major issue in 
implementing and operating BRT in Dhaka. From the author’s experience, it is 
known that in recent elections, the defeated party has typically argued that the 
election was neither free nor fair. This has a tendency to create political instability 
through, for instance, industrial action and boycotting of parliamentary sessions. 
Industrial action and associated civil unrest can disrupt people from going about their 
daily business and can limit the provision of essential services such as BRT. Limited 
bus services have been the cause of approximately 15% loss of government and 
private operators’ monthly income (Sultana, 2013). According to the Analytical 
Review of Bangladesh's Macroeconomic Performance in the Fiscal Year 2014, 
during 2013, political instability caused a loss of approximately 170 million BDT 
(about A$ 2,332,400) in the transport sector (Centre For Policy Dialogue, 2014).  
The review of model cities’ BRT systems revealed that in most systems, a 
separate public agency was responsible for its management. In line with this, the 
Government of Bangladesh is planning to establish an independent organisation for 
public transport planning and operation. 
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By planning for BRT implementation, the Government of Bangladesh has 
acknowledged that such a mass transit system is necessary. However, acceptance of 
BRT by existing bus operators may be problematic. Presently, buses in Dhaka are 
mostly privately operated. Implementation of BRT in a manner that compromises 
existing arrangements from these private operators’ perspective may lead them to 
challenge it. 
9.1.2 Planning and Design Factors  
 
One of the main challenges to the planning and design of BRT in Dhaka is 
uncontrolled population growth. Section 1.1.1 addressed Dhaka’s population and its 
growth rate. Population growth is not only due to births exceeding deaths, but also 
migration from rural areas. According to Hossain (2008), Dhaka’s infrastructure and 
transport systems are insufficient to keep up with growing population and associated 
urban pressures. Survey results discussed in Section 5.6 revealed that, even though 
buses are frequent, because of insufficient capacity, passengers often need to wait for 
long periods before they can board an available service. This shortfall between 
supply and demand also applies to other personal travel modes.  
Mixed land use and commercial activities exist throughout Dhaka (Sultana, 
2013). In spite of having property development rules and regulations, according to 
Rajdhani Unnayan Kartipokhkho (2011), a significant proportion of property 
developers do not adhere to rules and regulations, for example by construction of 
high density development along narrow roads or not providing adequate on-site 
parking. 
In response to population growth, the number of unplanned slums is also 
growing, along with development such as medical and educational facilities and 
commercial developments. This has led to a tremendous increase in traffic 
congestion on the existing transport system. However, this urban fabric of mixed 
land use has the potential to promote a mode shift towards transit, provided that the 
BRT system is well integrated with land use and is easily accessible.  
Professional expertise is required to plan, design and deliver BRT. For Dhaka 
it may not be necessary to hire foreign skills or expertise. Recent completion of 
     Challenges and Opportunities of Bus Rapid Transit            179 
 
Hatirzheel Road has demonstrated that Bangladesh has expertise. This project 
undertaken by Bangladesh Army’s ‘Special Work Organization’ (SWO) cost 19.71 
billion BDT (A$ 325,000,000). This is a comprehensive project that addresses 
multifarious shortcomings including drainage of flood waters, recreation facilities in 
terms of walkways and urban beautification. It is a 16 km international standard 
elevated road beside a picturesque lake with recreational developments. Bangladesh 
University of Engineering and Technology (BUET) and other domestic consultants in 
Dhaka provided capable consultancy services for this project.  
Most cities that implemented BRT did so in phases. The Strategic Transport 
Plan (STP) for Dhaka also plans for development of BRT in phases (The Louis 
Berger Group and Bangladesh Consultants Ltd, 2004). STP identified corridor C to 
be constructed first as a pilot corridor followed gradually by corridors A and B 
(Figure 1.1). Therefore, any mistakes or shortfalls identified from the pilot corridor 
would be overcome in the development of corridors A and B.  
9.1.3 Infrastructural Factors  
 
Dhaka may learn from other cities in taking a practical approach to selecting 
its features and station locations. Segregated running way, practical station layout, 
sufficient bus capacity, proper service planning, and feeder services are necessary 
elements of a BRT system in Dhaka.  
Segregated running way is possible on most sections of the corridors selected 
by STP. According to Dev Consultants Ltd. (2009), aside from Corridor B, none of 
the corridors’ rights of way (ROW) are narrower than the minimum required (30 m) 
for BRT. In old Dhaka and Motizheel, roads are too narrow to construct a dedicated 
busway unless infrastructure is improved significantly (Dev Consultants Limited, 
2009). Therefore, some infrastructural changes or mixed operation of BRT buses 
with general traffic is needed for its operation, which would significantly 
compromise the system.  
Feeder service needs to be formal and regulated, such as that of rickshaws, 
which can operate on narrow roads. However, these feeder modes should generally 
be managed or restricted on road corridors containing BRT.  
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To make BRT service more pedestrian friendly, grade separation that will 
provide safe and direct access to stations should be considered.  
Overall, government must take a practical approach to BRT design, including 
selection of its features. Segregated running way, proper station design, frequent 
buses, adequate vehicle and station capacity, and proper service planning and feeder 
service for accessing the BRT are mandatory elements. 
9.1.4 Social Factors  
 
BRT is a very new concept to the citizens of Dhaka, which may present a 
challenge in terms of its uptake. However, the survey conducted for this research, 
which was documented in Chapter 8, provided an indication that BRT will be 
acceptable to the Dhaka commuters.  
BRT can only be acceptable to the commuter if they can afford the fare. Low 
income respondents were concerned about affordability, particularly as they cannot 
presently afford to pay on-street bus fares.  
Section 5.5 stated the modal percentage of workers from the survey data to be 
highest for bus. Section 5.6 described problems of existing on-street bus services in 
Dhaka. In spite of poor quality, the popularity of the bus service is due to its 
affordability. Car or CNG is not affordable to many commuters. Accordingly it can 
be anticipated that if commuters have good quality bus service available, instead of 
choosing car or CNG they would choose bus. The Preferred Mode Selection (PMS) 
model results presented in Chapter 8 showed that most bus, car, rickshaw and CNG 
users would switch to BRT once it is implemented. Those who walk cannot switch to 
BRT because of their limited capacity to afford transport. Therefore, it can be 
anticipated that popularity of existing on-street bus, but with the higher service 
quality of BRT, would work in favour of a well organised BRT system. However, for 
BRT to achieve uptake by low income workers, discounted bus fare would need to be 
arranged.  
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9.2 RANKING BRT SUCCESS FACTORS WITH RESPECT TO DHAKA 
Based upon this analysis, Dhaka’s transport environment has been scored on 
a five-point nominal scale (refer to Table 9.1) with respect to the following factors: 
institutional, infrastructural, planning and design, and social.  
Table 9.1 Criteria for Scoring Dhaka’s Transport Environment on a 5 Point 
Scale  
Criteria Score 
Factors would be difficult to achieve in planning and/or implementation   1 
Factors that would not be difficult to achieve but have not yet been planned and/or 
implemented 
2 
Factors that have been planned to be achieved but have not been implemented 3 
Factors that have already been partly achieved in planning and/or implementation  4 
Factors that have already been fully achieved in planning and/or implementation  5 
 
Table 9.2 scores institutional factors in Dhaka’s transport environment with 
respect to BRT implementation. Most of the institutional factors are scored as 2 or 3. 
Institutional factors, such as strong administrative setup, coordination among 
different organisations, political stability, trustworthiness, equity and integration 
among public and private organisations, must be achieved for successful BRT 
implementation. However, they have yet to be achieved. It is noteworthy that 
availability of a funding source from the World Bank would facilitate BRT 
implementation, so it has been scored at 5.  
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Table 9.2  Scoring of Institutional Factors in Dhaka’s Transport 
Environment with respect to BRT implementation 
Institutional 
Factors from 
other Cities’ 
BRT 
Experience 
Dhaka’s 
Circumstance 
Example  Source  Rank 
Strong 
Administration 
and Political 
will  
Weak 
Administration 
and absence of 
political will  
 
 STP plans not 
implemented as planned;  
Road safety measures are 
improper 
Sultana 
(2013), 
Section 5.6 
3 
 No formal training centre 
for bus, CNG and 
rickshaw drivers 
Bhuiyan 
(2007) 
 
 A nine-storey Rana Plaza 
factory complex collapsed 
on April 24, 2013, killing 
1,138 people and injuring 
more than 2,000.  
Bangladesh 
Garment 
Manufacturers 
and Exporters 
Association 
(BGMEA) 
(2014) 
 Survey respondents’ 
responses provide 
evidence of weak 
administration  
Section 5.6 
and 5.9  
 
 
 A separate organization for 
managing BRT has been 
planned to establish 
DTCA (2013) 
 
Coordination 
among different 
organisations 
 
Limited 
coordination 
among different 
organisations  
 Both DCC and RAJUK 
responsible for city 
development, road 
widening, and recreational 
facility development 
Rajdhani 
Unnayan 
Kartripokhkho 
(2011) 
 
2 
 
 In 2003 World Bank 
withdrew nearly 50 
percent of the US$ 220 
million  (A$ 283 million) 
fund allocated for 
development
Transparency 
International  
(2014)  
Political 
Stability 
Limited political 
stability  
 Boycotting parliament and 
strikes 
Riaz (2004) 2 
 170 million BDT loss at 
strikes during 2011-12 
financial year 
Basu et al. 
(2012) 
No Corruption 
and Adequate 
Trustworthiness 
 
Limited 
transparent 
Governmental   
system evident   
 10% of the survey 
respondents were negative 
about BRT because they 
lack trustworthiness of 
Government.  
Section 5.9 
 
 
 
 
2 
 Padma Bridge corruption The World 
Bank (2012) 
Enforcement of 
law 
 
Lack of 
enforcement of 
law  
From the survey response, it is 
known that:  
 Pedestrian cross road from 
everywhere 
 Bus stop at the middle of 
Section 5.6 2 
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Institutional 
Factors from 
other Cities’ 
BRT 
Experience 
Dhaka’s 
Circumstance 
Example  Source  Rank 
the road 
 CNG and bus drivers ask 
higher fare than 
Government designated 
price 
 Car drivers park car at any 
place   
Equity 
 
Lack of equity   Transport policy 
accommodates automobile 
growth 
Efroymson 
(2012) 
 
2 
 Low income workers do 
not have sufficient 
affordable modal options    
Section 5.5.2,  
Chapter 6 
RP model 
results from 
Chapter 7 
 From the survey response 
known that female workers 
the most vulnerable on 
Dhaka’s road 
Chapter 5, 6, 7 
 
 
 Mode choice decision 
varies between male and 
female workers. Male 
workers spend more for 
transport mode.  
Chapter 5, 6, 7 
 
 
 
 Mode choice decision 
varies among different 
income female workers. 
Low income workers have 
more tendencies to walk as 
this does not cost 
anything.  
Chapter 5, 6, 7 
Integration 
among public 
and private 
organisations 
No integration   No common agency for 
integrating government 
and private bus operators 
Bhuiyan 
(2007)  
2 
Funding 
sources 
Partially 
achieved  
 World bank approved US$ 
250 million  for BRT  
Global Mass 
Transit (2014) 
5 
  
Table 9.3 scores planning and design factors in Dhaka’s transport 
environment with respect to BRT. Population control, land use, bus design and 
maintenance, and BRT flexibility and phasing need to be planned and implemented 
so have been scored only 2. By exception, skilled professional all planning and 
design factors has been scored at 5 because of recent successes of some local 
projects, such as Hatirzheel Road, which have proven that Bangladesh has competent 
professionals to plan and design BRT.  
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Table 9.3  Scoring of Planning and Design Factors in Dhaka’s Transport 
Environment with respect to BRT Implementation 
Planning and 
Design Factors 
from Other 
Citys’ BRT 
Experience 
Dhaka 
Circumstance 
Example  Source Rank 
Population 
Control  
Uncontrolled  Every year 
approximately 300,000 
to 400,000 rural people, 
mostly poor migrate to 
Dhaka 
Mahmud and 
Anwar (2012) 
2 
Land Use  Mixed   Houses, factories, 
school, colleges, 
universities and hospital 
developed in the same 
area  
Sultana (2013) 2 
Bus Design and 
maintenance   
Improper  Narrow door, bus 
interior condition is 
very poor.  
Section 5.6.1 2 
Income Varied  Income varied 
significantly. Income 
and mode choice 
decision are correlated.  
Chapter 5,6,7,8 2 
Skill  Available   Recent “Hatirzheel 
Road” example proved 
competent urban 
planners and engineers 
available for urban 
development.  
Dhaka North 
City Corporation 
(2014)  
5 
BRT Phasing  Planned   BRT planned to 
implement as phased 
development  
The Louis Berger 
Group and 
Bangladesh 
Consultant Ltd. 
(2004)  
3 
BRT Flexibility  Not planned   Flexible planning 
approach is not adopted 
for BRT.  
The Louis Berger 
Group and 
Bangladesh 
Consultant Ltd. 
(2004) 
2 
 
 
Table 9.4 scores infrastructural factors in Dhaka’s transport environment with 
respect to BRT. As discussed earlier, to implement a segregated running way, some 
infrastructural changes are necessary at some sections of the BRT corridors. Some 
infrastructural changes are also necessary for increasing turning radius at some 
intersections near the BRT corridors. Therefore, some private, public, industrial and 
business property acquisition is mandatory to achieve these factors. Because of 
difficulty in achieving these factors in the current setting, they are scored at 1. 
However, in most of other parts of the corridor, segregation has been planned in the 
feasibility study conducted by the World Bank, which has led to a score of 3.  
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Most intersections in Dhaka are controlled manually, pedestrian facilities are 
poor and all railway crossings are on grade, which have led to a score of 2 for these 
factors. The continuation of these factors would significantly reduce BRT service 
quality.   
Table 9.4  Scoring of Infrastructural Factors in Dhaka’s Transport 
Environment with respect to BRT Implementation 
Infrastructural  
Factors from 
Other Cities’ 
BRT Experience 
Dhaka’s 
Circumstances 
Example  Source  Rank 
Segregated 
running way  
Some sections 
difficult  
 At some sections 
difficult to implement 
segregated corridor 
without some 
infrastructural changes 
Dev Consultants 
(2009) 
 
1 
Being planned 
in feasibility 
study 
conducted by 
World Bank   
 In most of the corridor 
segregated running 
way can be 
implemented  
Hoque, Ahsan, 
Barua and 
Dhrubo  ( 2012) 
3 
Intersection 
turning 
Some section 
difficult  
 At some section 
difficult to increase 
turning radius 
Mahmud and 
Anwar (2012) 
1 
Pedestrian 
Crossing 
Improper   Pedestrian most 
vulnerable group and 
represent 
approximately 70% of 
road accident facility  
Ahsan and Hoque 
(2002)  
2 
Railway Crossing  Improper  14 primary on grade 
railway crossings,20 
secondary crossings 
between the city’s 
main Kamalapur 
station and areas to the 
north and south  
Koehn et al., 
(2002) 
 
 
2 
Traffic Signal  Improper  Manual traffic signal  Mahmud and 
Anwar (2012)  
2 
Parking Facility  Improper  Survey respondents 
stated negligible car 
parking facility  
Section 5.6 2 
 
Table 9.5 scores social factors in Dhaka’s transport environment with respect 
to BRT implementation. In this research, social factors are defined in terms of the 
acceptance or popularity of BRT by potential commuters.  
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Bus is the most popular mode in Dhaka. In Chapter 8, model results with the 
PMS data indicated the probability of BRT mode share. In Chapter 7, model results 
with Revealed Preference (RP) data provided travel characteristics of commuters for 
the work trip under the current transport scenario. Comparing model results with RP 
and PMS data demonstrated significant modal change to BRT from on-street bus, 
CNG, car and rickshaw. Accordingly, popularity of bus and predicted BRT mode 
share have led to a score of 5.    
 
Table 9.5  Provides detail on the scoring of Social factors in Dhaka’s 
transport environment with respect to BRT implementation 
Social  Factor 
for other 
Cities’ BRT 
Experience 
Dhaka’s 
Circumstances 
Example  Source Rank 
Acceptance of 
BRT  
Mostly 
acceptable  
 Comparing RP and SC 
model results indicated 
significant modal change  
to BRT  
Chapter 7, 8 
 
5 
 Bus is the most popular as 
maximum modal share is 
bus.  
Section 5.3 
 
9.3 CHALLENGES AND OPPORTUNITIES FOR BRT IN DHAKA  
Strong, transparent, accountable and politically stable administration is 
necessary to ensure success of a BRT project. Planning and design factors and 
infrastructural factors depend on institutional factors.  
Social factors for the success of BRT have been achieved in Dhaka. 
Commuters surveyed have indicated a willingness to change to BRT once it is 
implemented. Social factors can be opportunities for BRT implementation in Dhaka. 
Nevertheless, social factors also depend on institutional strength. If people perceive 
that BRT could be compromised by factors such as a lack of transparency and 
accountability then this will limit BRT’s success. Figure 9.1 illustrates the challenges 
and opportunities of BRT in Dhaka.  
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Figure 9.1 Challenges and Opportunities for BRT in Dhaka 
 
 
 
 
 
 
Challenges 
Weak adminstration 
Political interference 
Political instability 
Absence of trustworthiness 
Absence of coordination among organisations 
Absence of equity 
Uncontrolled population growth 
Absence of formal land use planning
Unorganised and non-integrated road network
Poorly designed road network
Poorly maintained road network
Fare structure inequitable for income
Limited public education 
Inadequate infrastructure
Opportunities 
On-street bus popularity 
Availability of competent, 
skilled engineers 
BRT planned as phased 
development 
Mixed land use
World Bank approved finance
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9.4 RECOMMENDATIONS TO INDUSTRY AND GOVERNMENT 
9.4.1 Setting of BRT Fare  
 
Summary of the recommendations pertinent to the setting of fare structure of 
BRT are as follows:  
1. Ensure that on street bus (OSB) that is less costly than current bus is 
available.  
 
Survey analysis in section 5.5.2 revealed that about 77% of ominously low 
income (income 0-5000 BDT per month or income A$0-about A$ 75 per month) 
commuters currently walk for their work trip even though bus service is 
available. The reason for this is mainly inability to afford bus fare. Therefore, it 
can be anticipated that low income commuters would not be able to choose BRT 
if it were not sufficiently subsidised by Government.   
 
However, subsidising BRT for low income commuters only would be 
challenging. In a developing country such as Bangladesh it may not be possible 
to subsidise a BRT system at a high proportion of its actual cost. It stands to 
reason that, because “poor” (income less or equal to 5000 BDT) commuters are 
less likely to afford to use BRT than their “not poor” (income more than 5000 
BDT per month) counterparts, its mode share would be lower than for “not poor” 
commuters (Chapter 8). Consequently, even if BRT fares were set very low, it 
may fail to earn sufficient revenue. Hence, on street bus (OSB) that is less costly 
than current bus should be available. Investigating demand for OSB and BRT 
should be a further research avenue.  
 
2. Set BRT fare with full consideration to cost of alternative modes and desired 
patronage. 
 
BRT patronage will depend on the costs of using competing modes (i.e. car 
and PPT) or complementary modes (i.e. OSB). The sensitivity analysis of BRT 
travel cost in section 8.5.4 for “not poor” commuters identified that, when BRT 
fare is set very high, patronage would reduce such that the government would 
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likely fail to earn sufficient revenue. In the PMS survey, OSB was stipulated as 
the cheapest option aside from walk, and all BRT service options provided 
commuters with superior service levels at a higher cost than OSB. However, 
BRT cost was specified to be much less than car and PPT.   
 
From Chapter, 8 elasticity of travel cost of BRT showed that a 1% increase in 
BRT travel cost decreases the probability of choosing BRT by 0.19%. For BRT 
travel cost, the cross elasticity is highest for car and PPT (section 8.4). 
Therefore, with increased BRT travel cost, car and PPT mode shares would be 
expected to increase. Hence, increased car and PPT mode share would not only 
reduce BRT revenue and therefore viability, but would also increase traffic 
congestion. Therefore, BRT fare should be such that it attracts enough 
passengers to earn sufficient revenue to operate the system. As the scope of this 
research is limited to investigating the uptake of BRT, further research on BRT 
fares should be conducted.  
9.4.2  BRT Operational Performance 
 
The recommendation to achieve high operational performance (i.e., increase 
speed and travel time reduction) is: 
1. Minimise travel time and waiting time in order to achieve operational 
performance i.e., increase speed and reduce travel time.  
Operational performance such as increased speed and reduced travel time is 
significantly important to the success of BRT. From Chapter 3, it can be understood 
that implementing station layouts with passing lanes would decrease BRT travel 
times. 
PMS model results in Chapter 8 showed that for BRT travel time in motion, 
the cross elasticity is highest for car and PPT. In Section 8.4.1 it is revealed that a 1% 
increase of BRT travel time in motion would increase car and PPT mode share 
0.75%. Hence, BRT would lose patronage as its travel time increased. Again, 
increased car and PPT mode share would not only reduce BRT revenue and therefore 
viability, but would also increase traffic congestion. 
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For BRT travel time in motion, the cross elasticity of OSB is also high. A 1% 
increase of BRT travel time in motion would increase mode share of OSB by 0.47% 
(Section 8.4.1). Increased OSB mode share would not only reduce BRT revenue and 
therefore viability, but could also overburden an OSB system itself. 
The RP model results showed that waiting time is significant for mode-choice 
decisions. Commuters are much more elastic to bus waiting time (0.83) than they are 
to bus travel time in motion (0.23) or to bus travel cost (0.03) (Section 7.3). With 
high waiting times under the current bus system, commuters would respond 
adversely if their waiting times increased further. Some respondents reported high 
waiting times due to them being passed up by overcrowded buses (Section 5.6.1). 
Travel time and waiting time for both BRT and OSB can be moderated by providing 
adequate bus capacity on both systems.   
9.4.3  BRT Quality of Service 
 
A key recommendation for improving quality of service is:  
1. Design practical BRT buses and maintain them regularly 
Survey respondents stated that Dhaka’s existing buses are uncomfortable having 
inadequate passenger carrying capacity, narrow doors, poor design for those 
standing, uncomfortable seats, and no air conditioning or fans (section 5.4.1). BRT 
buses must overcome these shortcomings. Any BRT operator needs to be responsible 
to oversee regular bus maintenance activity. Investigating practical design measures 
of BRT should be another avenue for further research.  
9.4.4  Social and Demographic Matters 
 
Recommendations regarding social and demographic factors for transport 
policy are as follows:  
1. Ensure female commuters’ dignity of travel.  
Female respondents of the survey for this research (about 5% of total bus 
users) stated that they sometimes face physical assault and abuse from their male co-
passengers, and on many occasions bus drivers and helpers consider them as a 
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burden and so do not permit them to board (section 5.6.1). This research contends 
that these are problems particular to Dhaka when considered against frequency of 
occurrence in developed countries. Women’s dignity of travel is a distinct issue from 
that of the quality of the interior of vehicles; rather, it is a social matter that must be 
addressed through policy change and education. Investigating policy change and 
education for ensuring female commuters’ dignity of travel would be a further 
research avenue.  
Female commuters who walk to work face poor, unsafe facilities. For OSB users, 
overcrowding and poor interior condition of buses were found to be the most 
prevalent concern. Notwithstanding, to obtain satisfactory quality of service of the 
proposed BRT system, these concerns must be overcome by ensuring that female 
passengers can travel with dignity. Access to bus stops has to be improved and 
female commuters’ safety on the road should be maintained. 
2. Consider female-only buses and educating drivers to improve their attitude 
toward female commuters.  
As discussed in Chapters 5 and 6, female commuters can face hostile 
situations inside buses. By implementing female-only OSB and BRT buses, female 
commuters’ dignity of travel may be improved by curbing the apparent extent of 
harassment from drivers and male co-passengers. According to Rahman (2010a) 
working women preferred this type of service to avoid social harassment. However, 
female-only buses should be implemented based on high demand areas. Investigating 
the prospect of female BRT buses can be another avenue for further research.  
Governments should train and educate bus drivers on providing equal service 
to female passengers. Governments should also provide outreach with a view to 
improving male commuters’ attitude towards their female counterparts.   
9.4.5  Institutional Performance 
 
Institutional performance is necessary for BRT’s success. In section 9.2, a 
five-point scale was adopted to specify the institutional challenges Dhaka is 
anticipated to face when implementing BRT.  
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Recommendations to achieve adequate institutional performance of BRT are 
as follows:  
1. Earn the trust of  the  public 
In the survey for this research 10% of the total respondents were negative 
about BRT (section 5.9). The reason for their negative attitude toward BRT is the 
lack of trustworthiness towards government. Government will need to show 
willingness to earn trustworthiness. Considering all these factors, in Table 9.1 the 
author ranked trustworthiness as 2 (meaning that it is not difficult to achieve but has 
not been planned).  
2. Ensure coordination among agencies  
In Dhaka, various agencies are involved in transport and traffic-related 
activities. However, in many instances these agencies perform their responsibilities 
in an uncoordinated manner (Chapter 2, section 9.1.1 and 9.2).  
Success of BRT depends on coordination amongst all relevant agencies. To 
enhance coordination, the heads of respective agencies specified in Section 2.4 must 
consult regularly over plans, possible conflicts and the need for future projects. 
Regular meetings among BRT managing authorities and heads of different urban 
planning agencies can improve coordination among agencies. Further research on 
how the coordination among different agencies can be maintained would enhance 
knowledge on this issue.  
3. Ensure strong administration and political will  
People’s frustration about weak administration was established by the survey 
conducted in this research. Table 5.11 lists reasons for workers’ pessimistic attitude 
toward BRT. About 10% of the survey respondents had a negative attitude toward 
BRT (Section 5.9). The highest percentage of 70% stated a lack of government’s 
strong administration and political will as the main reasons for their negative attitude. 
Literature reviews also coincide with commuters’ response regarding lack of strong 
administration and political will (Section 9.1 and 9.2). However, Bangladesh 
Government is planning to implement a separate BRT agency for improving the 
strength of government. By considering all these analyses, this factor is ranked as 3 
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in Table 9.2, which means government has planned to improve but has not yet 
implemented.  
Government can ensure administrative strength and political will to 
commuters by providing a better transport service such as through better public 
transport, improved walking conditions and rules and law enforcement strategy. 
9.4.6  Planning and Design for Effective BRT 
 
Recommendations for the planning and design for an effective BRT system 
are as follows:  
1. Manage population growth through decentralization  
From the previous discussion in Section 9.1.1 and 9.2 it can be understood 
that the reason for Dhaka’s massive population is not only natural growth but also 
migration from rural areas.  
As population growth can be controlled through planning, this factor is 
ranked as 2 in Table 9.2. Decentralisation of Bangladesh may be one measure to curb 
migration from rural areas. A transport plan that considers decentralisation may be 
beneficial towards improving Dhaka’s transport system.  
Fostering decentralisation requires many issues to be addressed, such as 
improvement of schools, medical and other social facilities as well as public 
transport in other cities of Bangladesh, such as Narayanganj, Gazipur and Tongi. 
Connecting improved train and buses from peripheral Naraynaganj, Gazipur and 
Tongi to Dhaka or vice-versa can provide transport services to huge numbers of 
commuters who travel to Dhaka from Naryanganj for work purposes.  
 9.4.7  Quality of BRT Infrastructure 
 
Recommendations to achieve quality BRT infrastructure are:  
1. Construct elevated running-way and/or restrict cars on narrow sections of 
BRT corridors  
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Section 9.1.3 stated that some sections of the proposed BRT corridor are 
narrower than the minimum of 30 m required. Some infrastructural changes or mixed 
operation of BRT buses with general traffic are therefore necessary. One solution to 
this may be initially to construct a busway as a combination of dedicated busways 
and as a mixed traffic running way. However, in the case of BRT running on a mixed 
traffic lane, other policies such as car restrictions should be considered, otherwise 
traffic congestion may not be reduced. A more expensive solution would be to 
construct an elevated running-way for BRT in this narrow section. Further research 
on the technical design of a BRT system can be conducted to ensure quality of BRT 
system.  
2. Grade separated railway crossings should be implemented 
From the respondents’ responses and literature review it can be understood 
that at-grade railway crossings are a major cause of traffic congestion in Dhaka 
(Section 9.2 and 5.6). These railway crossings should be separated from traffic by 
way of an overpass or underpass in order for BRT buses to maintain adequate 
running speeds. Investigating the impact of grade separated railway crossing on BRT 
would be a further research avenue.  
3. Off street car parking facility should be arranged  
From the survey for this research’s responses, one of the main concerns for 
car users was inadequate car parking facilities in Dhaka (Section 5.6.2). Providing 
adequate parking would be a great challenge to BRT implementation. The proposed 
BRT system will use at least two lanes as dedicated bus lanes. Illegally parked 
vehicles will take more lane space away from general traffic causing more traffic 
congestion. So, an off-street parking facility should be constructed to overcome this 
challenge. Private companies should be encouraged to construct a multi-storeyed 
parking facility. Already in some areas of Dhaka (i.e., Gulshan, Shegunbagicha) 
multi-storeyed off-street parking has been constructed by private companies. 
Investigating the prospect of implementing off-street car parks can be a further 
research avenue.  
4. Infrastructure improvements should be carried out to increase turning 
radius at some intersections 
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As discussed in Section 9.2, at some intersections, the turning radius is 
inadequate for bus turning. Therefore, at some intersections, infrastructure 
improvements should be carried out to widen the intersection. 
9.4.8  Social Factors  
 
Recommendations to achieve social factors of BRT are as follows:  
1. BRT should be provided as a free trial upon opening  
The public in Dhaka are unfamiliar with BRT features and operating 
characteristics. In some of the model cities, such as Jakarta, initial free BRT service 
is provided for a short period of time (Chapter 3). Dhaka also should follow that 
strategy to educate commuters about the BRT service. Providing a free service will 
attract more passengers. Therefore, more passengers will understand BRT features, 
and advantages of the system. In this way, commuters will have practical knowledge 
about the BRT service. 
9.5 CHAPTER SUMMARY  
Dhaka’s challenges and opportunities for implementing BRT were discussed 
in this chapter. Other cities’ BRT examples were considered in order to assess 
challenges of BRT development in Dhaka. Dhaka’s poor institutional arrangements 
and inadequate infrastructural resources may be a large challenge to implementing 
BRT. Many narrow roads in Dhaka are not able to accommodate BRT corridors. 
Manually controlled traffic signals, inadequate parking facilities, and railway level 
crossings would make BRT design and operation very challenging. Therefore 
substantial infrastructural changes are necessary in order to implement and operate 
BRT.  
Other challenges to BRT development in Dhaka include uncontrolled 
population growth, mixed land use, ensuring equity issue on transport and a 
significant range in personal income. However, Dhaka’s mixed land use pattern has 
the potential to support high levels of patronage if BRT is properly integrated. 
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Factors that would act as opportunities for BRT in Dhaka include the existing 
popularity of on-street bus, local availability of competent and skilled engineers, and 
the ability to develop the project in phases.  
Some of the recommendations to reduce challenges for BRT development in 
Dhaka are ensuring trustworthiness among commuters, ensuring coordination among 
different transport agencies and ensuring strong administration and political will.  
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Chapter 10: Conclusion	
 
This chapter concludes this thesis by identifying research contributions, 
presenting limitations and making recommendations for future research.  
10.1 RESEARCH CONTRIBUTIONS TO THE BODY OF KNOWLEDGE 
 
This research has successfully achieved its aims, “to investigate whether BRT 
will be acceptable to commuters in a developing country’s megacity if a high quality 
service is provided” and “to determine challenges that may be faced when 
implementing BRT”. Given the challenges and the breadth of the topic area, a well-
considered, sequential and integrated process of research needed to be developed and 
followed in order to reach the objectives set out in Chapter 1. This process was 
illustrated in Figure 1.3. 
 
In achieving its aims, this research has made substantial and novel 
contributions to the body of knowledge by combining mixed, quantitative and 
qualitative analyses to understand the potential uptake of a proposed Bus Rapid 
Transit (BRT) system by commuters in a developing country’s megacity, using 
Dhaka, Bangladesh as the case study. The quantitative analysis took a unique 
approach by dividing the analysis into an exploratory analysis of Revealed 
Preference (RP) survey data, modelling with RP data and modelling with Preferred 
Mode Selection (PMS) survey data. The qualitative analysis also made a novel 
contribution by taking a “lesson drawing” approach from model cities in analysing 
Dhaka’s transport environment. The contributions of this research are discussed by 
chapter, as below. 
Chapter 2 
Chapter 2 reviewed Dhaka’s transport environment and found that Dhaka’s 
Strategic Transport Plan (STP) is the most comprehensive Government transport 
planning study for the city. However, it was demonstrated that discrepancy exists 
between STP’s planning elements and actual implementation. This identified the 
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need to understand the real challenges that may be faced while planning and 
implementing BRT.  
The knowledge gaps which arose from this review are as follows:  
1. No research has been conducted to address the reasons of discrepancy 
between transport planning and actual implementation in Dhaka 
2. No research has provided any framework to investigate the challenges and 
opportunities with respect to BRT planning and implementation in Dhaka  
Chapter 3 
Chapter 3 reviewed BRT in the model cities of Curitiba, Bogota, Santiago, 
Jakarta, Beijing, Brisbane and Ottawa. It grouped evidence of success factors into 
four broad interrelated categories: institutional factors, planning and design factors, 
social factors, and infrastructural factors. This review demonstrated that qualitative 
analysis of a city’s transport environment is necessary to understand the challenges 
that may be faced in implementing BRT. A three-star nominal rating scale was 
developed and the rating assigned in a manner that provided effective and 
informative means of comparing each city’s BRT system. Cities that have a 
successful BRT system earned three stars across most of the significant success 
factors.  
This review provided a strong foundation for this study to analyse challenges 
of implementing BRT in Dhaka, and for future research to do so for other developing 
countries’ megacities.  
Chapter 4 
Chapter 4 demonstrated that Multinomial Logit modelling (MNL) is an 
appropriate methodological framework to understand the significant travel factors 
regarding acceptance of BRT in Dhaka or other cities.  When considering elasticities 
of travel demand with respect to travel cost, travel time in motion and waiting time, 
Chapter 4 also showed that limited research exists to compare travel differences 
between cities in developed and developing countries. This gap is significant because 
it highlights the need to scrutinise the applicability of assumptions of, and 
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generalisations from, travel demand models for developed countries towards actual 
travel in developing countries.  
Chapter 5 
Chapter 5 contributed significantly by addressing the differences in social 
class when designing both RP and PMS transport surveys for a developing country. 
To do so, this research divided the sample into two classes, 1) those who work in 
general service work and 2) those who work in domestic or chauffeur employment.  
Chapter 5 also documented the SP survey design and implementation. In this 
research an PMS survey was conducted in a non-traditional way to suit the 
characteristics of the sample, which was described and justified in section 5.8. This 
non-traditional approach of PMS survey design provides further research 
opportunities, in particular, comparison between the non-traditional PMS survey and 
the traditional PMS survey to examine the benefits and limitations of adopting the 
non-traditional approach. 
Even though the two classes of sample were approached separately, the 
exploratory analysis of the survey and mode choice modelling with RP and PMS data 
were conducted jointly. To reduce sampling error, an innovative three stage, cluster 
random sampling approach was adopted.  
Through exploratory analysis of RP survey data, Chapter 5 also discovered 
that in Dhaka male and female commuters’ travel behaviour differs; this finding laid 
the foundation for a greater emphasis on this aspect throughout this study. This 
research demonstrated that this aspect of commuter travel behaviour is particularly 
unique in the context of developing countries, compared to the much wider coverage 
it has been given in studies of Western cities. Exploratory analysis of RP survey data 
provided evidence of drawbacks in the present transport system, thus providing 
intellectual resources for analysing challenges and opportunities for BRT in Dhaka.  
This chapter has responded to the following research questions:  
What role does gender play in Journey-to-Work (JTW) mode decisions in a 
developing country’s megacity? 
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Could survey and modelling provide evidence of the likely success, or otherwise, of 
an innovative mass transit mode of BRT in a developing country’s megacity? 
Chapter 6 
Chapter 6 found through further literature review that very little previous 
work had addressed travel behavioural differences between male and female 
commuters as income varied. Using Dhaka as a case study specific to developing 
countries, through exploratory analysis this research has contributed by overcoming 
this gap. Following the findings of travel differences between male and female 
commuters from Chapter 5, Chapter 6 further investigated through exploratory 
analysis the difference of travel behaviour of male and female commuters as income 
varies across three levels. For low, middle and high income male and female 
commuters, different travel attributes (such as travel cost, travel time, distance and 
waiting time) of the work trip were represented on a normalised scale. The analysis 
highlighted that low income female commuters are the most underprivileged group 
of commuters in Dhaka.     
This chapter has responded to the following research questions: 
What role does gender play in Journey-to-Work (JTW) mode decisions in a 
developing country’s megacity? 
Could survey and modelling provide evidence of the likely success, or otherwise, of 
an innovative mass transit mode of BRT in a developing country’s megacity? 
Chapter 7 
Chapter 7 documented the development and calibration of a present-day 
mode-choice model for the work trip using RP data. This not only quantified 
commuters’ present-day travel behaviour but also provided a platform for Chapter 8 
to compare the impacts of the proposed major transport initiative of BRT.  
Results of the present-day work-trip mode-choice model showed that income, 
age and gender difference significantly impact the commuter’s mode-choice decision 
making. No prior research was found to compare the impact of travel factors, such as 
travel cost, travel time and waiting time, between developed and developing 
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countries’ megacities. This chapter provided a significant contribution to knowledge 
by comparing travel behaviour between such megacities and Dhaka’s current 
transport system. This chapter has responded to the following research questions: 
Can we use standard survey techniques and models to effectively model Journey-to-
Work (JTW)  mode choice in a developing country’s megacity? 
What role does gender play in Journey-to-Work (JTW) mode decisions in a 
developing country’s megacity? 
Could survey and modelling provide evidence of the likely success, or otherwise, of 
an innovative mass transit mode of BRT in a developing country’s megacity? 
Chapter 8 
Chapter 8 presented the development and calibration of a future work-trip 
mode-choice model using PMS data. This provided a platform to test the proposed 
major transport initiative of a BRT system, including the ability to forecast 
differences in travel behaviour between male and female commuters with BRT in 
place. 
 This chapter contributed to knowledge significantly, by comparing the 
influence of travel factors such as travel time and travel cost between developed and 
developing countries’ megacities with BRT systems. To understand this, the 
elasticities of travel factors, such as travel time and travel cost, from a mode-choice 
model with SP data was compared with those for developed countries. 
This chapter has responded to the following research questions: 
Can we use standard survey techniques and models to effectively model Journey-to-
Work (JTW) mode choice in a developing country’s megacity? 
What role does gender play in Journey-to-Work (JTW) mode decisions in a 
developing country’s megacity? 
Could survey and modelling provide evidence of the likely success or otherwise of an 
innovative mass transit mode of BRT in a developing country’s megacity? 
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Chapter 9 
Chapter 9 made a significant research contribution in relation to transport 
policy, by identifying the importance of stability in governance for success of any 
major transport project in a developing country’s megacity. Qualitative analysis of 
responses from the survey respondents, along with the literature review founded on 
BRT examples of model cities and the literature review of Dhaka’s transport 
environment, examined positive and negative viewpoints across a variety of issues 
related to Dhaka’s transport system.  
A five-point nominal scale was developed using logic and judgement, to 
score Dhaka’s transport environment across institutional, infrastructural, planning 
and design, and social factors as listed in Table 9.1. This provided an effective and 
informative means of comparing various factors of Dhaka’s transport environment. 
Analysis established that social factors may provide an opportunity for BRT in 
Dhaka. However, social and infrastructural factors rely on the presence of 
institutional factors.  
This chapter responded to the following research question: 
Could survey and modelling provide evidence of the likely success or otherwise of an 
innovative mass transit mode of BRT in a developing country’s megacity? 
Overview of Complete Study 
This research took a novel approach by analysing travel behaviour by both 
exploratory analysis and mode choice modelling with both RP and SP data, in 
particular focusing on gender issues. Even though this analysis was for Dhaka, in 
order to understand both the nature of travel behaviour and potential for changes in 
travel behaviour after adoption of a proposed mass transit solution, its methodology 
may be applied to other developing countries’ megacities. 
Overall, this research has made significant contribution to the body of 
knowledge by developing a framework to understand the challenges and 
opportunities that a developing countries’ megacity may face in the process of 
planning and implementation of BRT.  
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Following this well-considered, sequential and integrated process of research, 
it can be concluded that the study’s original hypothesis, “Uptake of BRT by 
commuters in a developing country’s megacity can be facilitated by a high quality 
transit service with reduced in-vehicle time and at an affordable cost” will be true, 
but only in an environment of stable, transparent, and trustworthy governance.  
10.2 RESEARCH CHALLENGES AND LIMITATIONS 
Study Design  
 Because of its limited timeframe, the study was restricted to analysing work 
trip data. The acceptability of BRT to potential users for other trip purposes 
was not studied. Future work should examine other trip purposes accordingly.  
Data Collection  
 Workers in Dhaka have a very wide variation in their level of education. Low 
income workers generally have substantially less education than middle and 
high income workers.  To access the most representative survey sample in an 
equitable manner, the questionnaire of the survey for this research was 
presented in English to English speakers, and in Bangla to non-English 
speakers. The questionnaire was explained with visual aids to low income 
workers, who mainly speak Bangla, in person by the author as surveyor.  
One of the challenges for this research was to contain any potential for bias 
because of the surveyor’s personal interaction with participants who 
responded in spoken kind, which might have influenced their responses, 
particularly in the SP survey where the future BRT scenario was portrayed.  
 Potential for gender bias in the survey responses was a significant challenge 
that weighed heavily upon this research. This study found that female 
commuters and male commuters’ travel behaviour differs. In responding to 
the PMS survey of the future transport system, some female commuters may 
have found it difficult to overcome past and present experiences of prejudice 
when making a choice that involves the possibility of a fairer, future transit 
system amongst a set of alternatives.  
 As the PMS survey is in hypothetical setting there is some response bias in 
the PMS survey.  
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Model Validation  
 Sections 7.4 and 8.3 discussed statistical validation of the RP and PMS Mode 
Choice models.  The models were validated with respect to their predictive 
ability and statistical analysis. However, because of the limited timeframe of 
this study, independent data was not collected for model validation. Applying 
the model to an independent dataset in future research would confirm the 
model’s veracity.  
Consideration of Model Cities’ BRT  
 Chapter 3 discussed BRT systems in model cities. However, because of the 
limited timeframe of this study and availability of information, only seven 
model cities, albeit the most significant, were examined. In future research, 
an expert interview survey may be appropriate to gather more information 
about BRT systems in model cities.  
Challenges for BRT in Dhaka   
 Challenges for implementing BRT in Dhaka were established from the 
literature review, responses from the survey respondents, and modelling 
results. However, because of the limited timeframe of this study, local experts 
were not consulted.  In future research, an expert interview survey may be 
appropriate to gather more information about the transport system in Dhaka.  
10.3 RECOMMENDATIONS FOR FUTURE RESEARCH  
The following recommendations emanate from the discussions above about 
research contributions, challenges and limitations: 
 Trip purposes other than work should be analysed.  
 Whether the work trip ought to be divided between blue collar and white 
collar employment should be investigated.  
 Trip chaining activity during the work trip should be considered.  
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 The potential for use of a larger sample size to overcome gender bias, modal 
bias and inherit bias, as well as other modelling techniques, should be 
considered.  
 Further analysis and comparison of traditional Stated Preference (SP) survey 
methodologies and non-traditional PMS survey methodology adopted in this 
research should be conducted.  
 The potential for use of a separate dataset to validate the models should be 
considered.  
 The potential to better forecast BRT uptake by calibrating the model with 
combination of RP and PMS survey data should be considered.  
 Further analysis of success factors of BRT systems in model cities should be 
considered through the use of expert interview technique.  
 Further analysis around challenges and opportunities for BRT 
implementation in Dhaka should be considered through the use of expert 
interview technique.  
10.4 CHAPTER SUMMARY 
This research provided detailed analysis to investigate the potential uptake of 
BRT by commuters in a developing country’s megacity. Features of BRT must be 
high quality transit service with reduced in-vehicle time and affordable cost. 
Accepted survey technique and mode choice modelling of journey-to-work 
(JTW) effectively provided information about travel behaviour of workers in Dhaka. 
Exploratory analysis of the survey data and model results showed that social 
demographic characteristics, such as income, education, age and gender are 
significant, along with travel cost, travel time in motion and waiting time for mode-
choice decision-making by commuters.  
This research revealed that female commuters are vulnerable transport system 
users during their work trip, which highlighted gender as a significant transport issue 
in developing countries such as in Dhaka. Notably, low income female commuters 
are predominantly restricted to walking, in a system of particularly low quality 
pedestrian infrastructure.  
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Modelling showed that the BRT system as portrayed would be acceptable to 
the majority of commuters for their work trip. However, some respondents were 
sceptical of governance around BRT. The review of BRT systems in other cities 
showed that the success of BRT depends heavily upon infrastructural, institutional, 
social and planning factors. The discussion showed that absence of these factors 
could be a serious challenge to implementation of a BRT system in Dhaka.  
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Appendix 1 Questionnaires for Revealed Preference (RP) and Preferred Mode 
Selection (PMS) Survey  
 
1. Name:                         
 
2. Location  of Home                                                            Location of Office 
Or Name of                                                                        or Name of  
Nearest Road or Landmark:                                               Nearest Road 
 
 
3. Education Level:                                                                                                                                      
 
 
 
 
 
4. Monthly Income Range (please circle): 
 
0-5000   5001-10000    10001-15000   15001-20000    20001-25000    25001-30000      
 30001-35000    35001-40000         40001-45000   45001-50000  
 
50001-60000      60001-65000   65001-70000   70001-75000  75001-80000  80001-
85000  85001-90000 90001-95000    95001-100000   Above100000 
 
5. Household Income Range (Please Circle): 
0-5000   5001-10000    10001-15000   15001-20000    20001-25000    25001-30000      
30001-35000    35001-40000         40001-45000   45001-50000  
 
50001-60000      60001-65000  65001-70000   70001-75000  75001-80000  80001-
85000  85001-90000 90001-95000    95001-100000   Above100000 
 
6. Age Range  
(Please  
Circle):                                                                                                                                                     
 
 
 
7. Time usually You Started from Home:            Time usually You Reached Office:      
 
8. Time usually you started from office:               Time usually you Reached Home: 
 
9. Please specify in the following table the combinations of modes you used going 
from home to Work; how much time you spend and how much money you spend 
etc.? Please specify chronologically if you use more than one mode, such as if you 
walk to bus stand and take a bus, then change to another bus and at last take 
rickshaw to reach your destination, then please in first column specify walk; second 
column bus; third column bus and fourth column rickshaw. 
18-25 
 
26-35 36-45 
46-55 56-65 
 
Primary Secondary Higher Secondary 
Graduate Post Graduate 
0-17 
+65 
No Certificate  
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S.L. 
No. 
Mode  Cost 
(Taka) 
Approximate  in 
vehicle time 
(minute) 
Waiting 
Time 
  
Satisfied 
with the 
Journey, 
Write “Y” 
or “N” 
If you not 
satisfied, please 
specify why? 
 
1.       
 
 
 
2.       
 
3.       
 
 
 
4.       
5.       
 
 
10. Please specify in the following table the combinations of modes you used going 
from home to Work; how much time you spend and how much money you spend 
etc.? Please specify chronologically if you use more than one mode, such as if you 
walk to bus stand and take a bus, then change to another bus and at last take 
rickshaw to reach your destination, then please in first column specify walk; second 
column bus; third column bus and fourth column rickshaw. 
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S.L. 
No. 
Mode  Cost 
(Taka) 
Approximate  in 
vehicle time 
(minute) 
Waiting 
Time 
  
Satisfied 
with the 
Journey, 
Write “Y” 
or “N” 
If you not 
satisfied, please 
specify why? 
 
1.       
 
2.       
 
3.       
 
 
 
4.       
 
 
 
 
5.       
 
11. What other modes were available to you for your journey to work, why you didn’t choose 
those modes? 
 
12. If you chose those modes could you tell approximate time and cost for those modes? 
 
 
13. Could you please specify the reasons for choosing the modes you used for your journey?  
 
 
 
14. If you have a car/motorcycle, usually how much money do you spend on car in a 
month (including, maintenance, servicing, driver etc.)? 
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Preferred Mode Selection (PMS) Survey  
Government of Bangladesh decided to implement Bus Rapid Transit (BRT). The 
characteristics of Bus Rapid Transit are:  
 Improved bus service, such as good quality buses with proper seating 
arrangement    
 Buses run on separate lanes so that buses are not interrupted by other 
vehicles 
 More frequent buses 
 Bus stop will be more upgraded with shed, emergency phones, security.  
 Passengers will have easily available bus schedule and they do not have 
to stand on road with uncertainty for long hours.  
 
A hypothetical scenario is given bellow and five choices have been mentioned. You 
have to choose one, which you think is most appropriate for you.  
 
Assume you live 5 km away from your work place. You have been given seven 
hypothetical options= Walk-BRT-Walk; Walk-BRT-Rickshaw;Rickshaw-BRT-
Rickshaw; Rickshaw; CNG; Private Car and Walk each with four choices, 
average, good, better, and best. Only choice 1 (average) is with BRT fare going 
down but except bus running on separate lane no significant changes in bus 
service quality, this choice can be rated as 2 on 10 scale .  
 
BRT will improve general traffic lanes as well with time and cost reduction. As 
buses will not interfere geral traffic lane vehicles, they can move more easily. 
This reduces cost now occurring in the congestion. Different choices mentioned 
here only for BRT bus service quality.  
 
Please choose one option and one choice for going from home to work and one 
option and one choice from work to home.   
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Option  
Choice
s for 
Buses 
Bus comfort  Bus Frequency 
Option 
Specific 
comfort 
Total Travel time 
(min) 
Total Travel Cost 
(tk) 
Walk-BRT-
Walk 
  
  
  
  
  
Current 
(Rating 
0 out of 
10 
Buses do not 
have fans; 
No proper 
seating 
arrangemen
t; 
passengers 
have to 
climb the 
stairs to get 
into buses; 
doors are 
narrow; no 
shed at the 
bus stand; 
so crowded 
that 
sometimes it 
is difficult to 
get into 
buses  
Very 
Unpredicta-
ble  
Access 
mode is 
walk for 
both from 
and to bus 
stand, so 
this option 
may cause 
physical 
tiredness. 
But as 
walking 
involve it 
may give 
opportunit
y for 
exercise.  
55 7.75 
Choice 
1 
(Rating 
2 out of 
10) 
Buses do not 
have fans; 
No proper 
seating 
arrangemen
t; 
passengers 
have to 
climb the 
stairs to get 
into buses; 
doors are 
narrow; 
very basic 
bus stand; 
crowded but 
condition 
improved 
from 
current 
situation so 
passengers 
can get into 
buses  
Buses are 
not 
unpredictab
-le and 
comes after 
every 25 
minutes 
49.5 5 
Choice 
2 
(Rating 
4 out of 
10 ) 
Buses do not 
have fans; 
passengers 
do not have 
to climb the 
stairs to get 
into buses; 
doors are 
wide; bus 
stand are 
upgraded 
with 
emergency 
phones;  
passengers 
can get into 
buses  
Predictable 
and buses 
comes after 
every 20 
minutes  
44 10 
Choice 
3 
(Rating 
7 out of 
10) 
Buses  have 
fans; proper 
seating and 
standing 
arrangemen
t; 
passengers 
do not have 
to climb the 
stairs to get 
Buses are 
not 
unpredictab
-le and 
comes after 
every 15 
minutes  
38.5 12.5 
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into buses; 
doors are 
wide; bus 
stand are 
upgraded 
with 
emergency 
phones and 
security 
cameras;  
passengers 
can get into 
buses  
Choice 
4 
(Rating 
10 out 
of 10) 
buses have 
AC; proper 
seating and 
standing 
arrangemen
t; Buses are 
low lying 
and bus 
floor and 
station 
floors are at 
the same 
level so 
passengers 
do not have 
to climb the 
stairs to get 
into buses; 
doors are 
wide; Buses 
have 
security 
cameras; 
bus stand 
are 
upgraded 
with 
emergency 
phones, 
passenger 
information 
system and 
security 
cameras;  
passengers 
can get into 
buses  
Buses are 
not 
unpredictab
-le and 
comes after 
every 7 
minutes  
33 15 
Walk-BRT-
Rick. 
Current 
See Walk-
BRT-Walk 
Option 
See Walk-
BRT-Walk 
Option 
Access 
mode is 
rickshaw 
for either 
to or from 
bus stand, 
so less 
tiredness 
and 
reduction 
of travel 
time.  
50 27.25 
Choice 
1 
45 25 
Choice 
2 
40 30 
Choice 
3 
35 32.5 
Choice 
4 
30 35 
Rick.-BRT-
Rick. 
 
 
 
 
Current  
 
 
 
See Walk-
BRT-Walk 
Option  
  
  
  
  
 
 
 
 
See Walk-
BRT-Walk 
Option 
  
  
  
Both to 
and from 
bus stand 
access 
mode is 
rickshaw 
so much 
more 
comfortabl
e than 
walk-
BRT-walk 
and Walk-
45 47.75 
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  BRT-
rickshaw 
option 
Choice 
1 
  40.5 45 
Choice 
2 
  36 50 
Choice 
3 
  31.5 52.5 
Choice 
4 
  27 55 
Rickshaw 
  
Current See Walk-
BRT-Walk 
Option 
See Walk-
BRT-Walk 
Option 
Rickshaw 
has its own 
flexibility. 
Also as it 
is open 
rickshaw 
journey 
may be 
very 
enjoyable. 
50 100 
BRT 
    
  35 80 
CNG 
  
Current See Walk-
BRT-Walk 
Option 
See Walk-
BRT-Walk 
Option 
CNG is 
very 
flexible, 
more safe 
and very 
less time 
taking.  
25 200 
BRT       17 160 
Car 
  
Current See Walk-
BRT-Walk 
Option 
See Walk-
BRT-Walk 
Option 
Car has the 
highest 
comfort, 
flexibility, 
safety and 
security 
20 375 
Choice 
1 
      14 300 
Walk 
  
Current See Walk-
BRT-Walk 
Option 
See Walk-
BRT-Walk 
Option 
Walking 
may cause 
tiredness 
but give 
the 
opportunit
y to 
exercise. 
75 0 
BRT       45 0 
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Appendix 2 Parametric Comparison of Different Modes in Dhaka 
 
Mode Types Load 
at peak 
hours 
(nos.) 
*L.F. Average 
Trip 
Length 
(one 
way) 
km 
No. of 
Trips/ 
day/ 
vehicle 
km / 
day/ 
veh. 
Journey 
speed 
(km/hr) 
Fare 
(BDT/km) 
 
Rickshaw 2 1 4.8 35 252 9.3 10 
Auto 
Rickshaw/CNG 
3 1 8 22 396 10.8 25 
Mishuk 3 1 6 22 297 15.2 20 
Auto tempo 12 1.2 6 18 927 21.9  
Double Decker 
Bus 
102 1.4 14.5 12 8874 15.5 1.55 
(minimum    
7 BDT) 
Single Decker 
Bus 
77 1.5 14.5 
 
12 6700 15.5 1.55 
(minimum  
7 BDT) 
Private bus 77 1.5 14.5 12 6700 15.5 1.55 
(minimum  
7 BDT) 
Mini Bus 42 1.2 16 14 4704 18.3 1.45 
(minimum  
5 BDT) 
Car 5 
(Including 
Driver) 
1 10 
(approximately) 
2 N/A 15 N/A 
*L.F.= Load Factor 
Source:Mahmud & Hoque (2009) 
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Appendix 3 BRT Card 
 
BRT Card 1 
 
 
                        
                     
 
                                                                                                                           
                                                                                                                                  
                                                                                                              
                                                   
                                                                                                                                             
                                                                                                                                            
 
 
 
 
 
When you are at this street 
you reach the office at 11.45 
am!!!!!! 
&  
Reduce your productivity 
because you are tired and 
exhausted 
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BRT Card 2 
 
 
                     
 
 
 
 
 
When you are at this street you 
reach the office at 9.00 am!!!!!!! 
 
& 
You feel full of energy to start your 
day 
